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In  this  photo,  the  resonance  pattern  of  a 
device  that  omits  electromagnetic  radiation 
is  made  visible  for  the  first  timo,  The  areas 
of  most  intense  radiation  ore  the  lighter 
orens.  Those  pottorns  con  be  reodily  changed 
by  varying  the  oxcitotion  frequency. 

The  pattern  is  modo  visiblo  by  using  o 
dotoetor  fabricated  from  liquid  crystals. The 
resonator  itsolf  is  a  smell  coramie  disc  about 
or>fi  inch  m  diamcitor.  ISeo  article  in  this 
issue,  "Color  Display  of  Resonance 
Posterns,''! 
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Figaro  1,  Tt»U  pliote  show!  a  vis*»>fe  resonance  pauain  limn  (ha 

rairre  disc  as  (he  one  foforrcii  in  in  th-3  cspikm  ‘ or  tin?  cover  photo; 

however,  ths  ra*on*ne*  poMern  is  r-omowhet  <Jlf(crcnt.  (S«»csptlon 

Uji  thO  COVm  pltoiui. 


A  quick  and  simple  method  for  measuring  the  reso¬ 
nance  patterns  of  dielectric  resonators  a  method  using 
liquid  crystals— has  been  demonstrated  by  James  C. 
Setltares  and  Martin  R,  Slight/  of  Al't'KL.  Resonance 
pat  terns,  or  modes,  of  a  resonator  are  presented  on  a 
detector  as  a  visual  picture  in  color.  What  is  seen  - and  seen 
for  the  first  time— are  the  specific  areas  witliin  the  total 
%’sonator  material  that  vibrate  and  emit  electromagnetic 
energy.  Thus  the  sources  of  EM  oneigy  aie  pinpointed. 

Resonators  are  used  in  electronic  circuits  as  filters  to 
extract  a  narrow  band  ot  nwqticncies  trom  a  broadei 
sneetrum.  The  detector  that  AlCRL  has  developed  to 
study  the  emission  paucrus of  .escalators  is  uncomplicated: 
it  looks  something  like  a  35-mm  gtnss-muuiited  slide  ami 
has  no  electrical  or  other  connections.  In  operation,  the 
detector  plate  is  mounted  close  to  the  flat  face  of  the 
resonator,  leaving  a  gap  of  ki  inch  or  so. 

Depending  on  the  resonance  mode,  EM  energy  is 
emitted  from  different  areas  on  the  flat  resonator  surface. 
The  mode  pattern  is  projected  across  the  gap  to  the 
detector  where  it  is  visibly  mirrored.  When  the  frequency 
used  to  excite  die  resonator  is  changed,  the  areas  on  the 
resonator  surfa  ’  that  emit  radiation  also  change. 

The  domir.  mt  frequency  of  the  resonator  is  seen  as  a 
large  darkenc  I  spot  with  gradations  of  color  outward, 
indicating  that  the  source  of  the  EM  emissions  is  centered 
on  the  face  of  the  resonator.  (See  cover  photo  and 
Figure  1 .)  Various  harmonics  of  this  dominant  frequency 
can  be  seen -depending  on  the  excitation  frequency -as 
two,  four,  six,  eight,  or  more  darkened  areas  arranged  in 
geometrically  symmetrical  rosettes.  Since  mathematical 
calculations  to  obtain  such  mode  patterns  are  prohibitively 
complex,  they  can  only  be  approximated, 

in  addition  to  changes  produced  by  different  excita¬ 
tion  frequencies,  resonance  patterns  are  strongly  dependent 
on  the  physical  configuration  of  the  resonator.  One 
resonator  used  by  AFCRL  in  its  study  consisted  of  a  small, 
flat  ceramic  disc  lightly  more  than  an  inch  in  diameter  and 
ki  inch  thick.  With  this  disc  resonator,  AFCRL  has  observed 
more  than  25  different  resonating  patterns  produced  by 
exciting  the  resona  or  at  different  frequencies  between  1 .5 
to  7  Glk. 

The  detector  is  a  simple,  three-layered  plate,  with 
liquid  crystals  comprising  the  center  layer.  These  crystals, 
introduced  only  recently,  have  already  had  a  range  of 
applications  discovered  for  them  by  researchers  and  manu¬ 
facturers.  They  have  the  property  of  changing  color  with 
temperature.  At  33°C.  for  example,  they  are  red,  with  color 
changes  being  approximately  linear  through  the  spectrum 
until  blue  is  observed  at  37UC.  As  organic  materials,  they 
have  a  composition  similar  to  that  of  cholesterol  in  the 
blood  stream,  and  can  be  spread  like  paint. 

The  AFCRL  detector  can  be  fabricated  in  about  10 
minutes.  First,  a  liquid-crystal  layer  is  spread  on  a  csistive 
substrate  layer.  Then,  the  liquid-crystal  layer  is  covered 
with  a  clear  sired  of  Mylar. 

The  conversion  of  l:M- energy  emissions  from  the 
resonator  to  tire  heat  energy  required  to  change  (Ire  color  of 
the  liquid  crystals  is  also  straightforward.  The  electric-field 
component  in  the  EM  radiation  from  the  resonator  sets  up 


ait  electric  current  in  the  resistive  layer.  Resistive  heating 
M'lecliveh  i ruses  the  temperature  nt  i|„>se  poin,s  ,|le 

icsistive  layer  that  correspond  to  the  points  on  the 
lesonatot  emitting  I:M  energy  This  heats  the  overlaying 
liquid  crystals,  thus  changing  their  color.  Color  changes 
persist  in  the  detector  for  about  a  second  alter  exposure  to 
radiation.  This  process  can  he  repented  hundreds  of  times 
I'efore  the  crystals  lose  their  sensitivity. 

Ah.  Jam o  C.  Set  hares  is  a  ir*~grch  plnsieist  In  the  Microwave 
■lo-i/o., ■■  am-  i  ,,j  fUXKt,  j  Miemwox-e  Physics abortion .  lie  is 
ill  present  iviurninl  with  experimental  ami  theoretical  invest  iga 
lions  of  spin  wire  phonon  Interactions  In  single  crystal  firm  a  at 
wi/tTtt  Utiir  frequencies, 

\it  t>t  ‘hf!  ■.  '•‘I'Wi'rt/  /*tt  fl  \  in  h'lrerri^dt  t'fUHti,  ,  tiina  if-wtt;  ih. 

University  of  MaSSvemiseits  hi  I'fSst,  ml  Ills  M.S.  In' fclvetrienl 
b^meering  from  the  Algsmehnvrs  Institute  of  Technology  In 

During  the  summers  of  IVS9  amt  I9K0.  Mr.  Setharrs  was 
employed  hv  the  H'oorfi  II  ,c  Oceanographic  Institute,  lie  has  also 
been  a  part-time  l.ccltii.  •  on  Mathematics  in  the  De/xirtment  of 
(.oiuinuhig  Lducnliun  at  Boston  University,  a  imri  lhne  teacher  in 
the  Department  of  Electrical  l-nginrci  lag  at  Lowell  Ttelmologieai 
Institute,  and  a  Jutldimc  teaching  assistant  in  the  Department  of 
electrical  liitglnecringai  MtT. 

...  Mr;  is  it  member  of  RfSA.  U:TT.  Tau  Beta  IX  Sigma 

and  fin  Kappa  Phi,  and  has  published  a  number  of  trovers  on  his 
work. 

.Mr  Marlin  li  Slight:  is  nil  ehrtnmie  engineer  in  the  Microwave 
Acoustics  Branch  of  Al'CRL  r  Micmsntve I'hystcs  Laboratory  {Iris 
presently  engaged  in  research  on  the  intcniciion  of  LM  waves  and 
aeon  stir  waves  in  solids.  He  received  a  B.B.A.  in  Ingtneering  and 
Management  from  \ortheasieni  iniversilv  in  /V.Se.  and  is  a 
member  of  tlL  t, 
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A  new  AFCRL-designed  system 
for  locating  and  tracking  resocrc?!  b«; 
loons  was  tested  during  last  August  in 
two  balloon  flights.  The  flights  origi* 
noted  in  Virginia  and  terminated  in 
New  Mexico  after  n  cross-country 
flight  of  three  days. 

Once  n  balloon  is  aloft,  its  path  is 
usually  monitored  by  radar. 
Obviously,  tracking  capability  is  lost  if 
the  balloon  drifts  beyond  the  range  of 
the  rndar.  The  new  AFCRL  system  can 
locate  the  balloon  anywhere  in  the 
continental  U.S.  The  experimental 
balloon-locating  and  tracking  system 
takes  advantage  of  the  nation’s  exist¬ 
ing  VHF  Omnidirectional  Range 
(VOR).  VOR  ground  transmitters, 

AftCfNii'fl  fW  #]>o-  ?» \  A  Irt.. 

*  -  -v  auviiut 

navigation,  cover  the  entire  U.S.  The 
AFCRL  system  consists  of  a  conven¬ 
tional  VOR  receiver,  a  decoder,  and  a 
balloon-borne  transmitter  which  sends 
the  received  VOR  data  on  tire  balloon 
location  back  to  ground-receiving  sta¬ 
tions. 

The  same  AFCRL  experimental 
package  was  carried  aboard  two  dif¬ 
ferent  balloons.  In  a  separate  experi¬ 
ment  lor  NASA  during  the  same  time 
period,  AFCRL  launched  two  balloons 
from  a  Wallops  Island,  Va.  site.  The 
NASA  balloons  carried  an  earth  re¬ 
sources  camera  system  and  an  airborne 
recovery  system.  The  NASA  flights 
were  terminated  over  the  Atlantic. 

These  four  research  balloons  were 
the  first  to  be  launched  in  the  F.ast  in 
several  years.  All  four  balloons -two 
AFCRL  and  two  NASA-after  an 
initial  ascent  which  took  them  out 
over  the  Atlantic,  reached  a  maximum 
altitude  of  90, LOO  feet.  At  that  alti¬ 
tude,  the  AFCRL  balloons  were 
caught  in  prevailing  east  winds  and 


transported  across  the  country  The 
winds  look  them  to  New  Mexico 
where  the  flights  were  terminated  by 
radio  command.  When  gas  was  vnlvcd 
from  die  two  NASA  balloons,  these 
balloons  descended  into  a  prevailing 
wind  system  that  kept  them  near  the 
Atlantic  Coast. 

Francis  X  Doherty  of  AFCRL 
was  project  scientist  for  the  AFCRL 
experiment,  and  Major  Robert  M. 
Blown  of  AFCRL  was  in  charge  of  all 
four  balloon  launches. 

Mr  Francis  ,V.  Doherty  it  a  supervisory 
p/ivUHsi,  ami  Chief  of  the  Experimental 
Balloon  Activities  Branch.  Aerospace  Inslm 
mentation  Laboratory,  AFCRL.  He  is  pres- 

L'::,y  engaged  in  i-oih  v.,-;  high^tiitmle 
balloon  research  amt  development  out/  spe¬ 
cifically  cottcerned  with  developing  spe- 
dallied  Balloon  systems  for  rhe  Air  force 
and  other  DoD  agencies. 


dr  Doherty  attended  Boston  C, dirge 
and  tan n  ii  hi i  //  ,x  hi  Matlietmin  s  in 
IVdtt  and  his  M  S  in  'V,,  /  rum 

March  IVSO  to  January  IVS4.  at  an  m  ean 
iwra/Uia,  he  spec!, tilted  in  llie  lindi  of 
physical  oceancwitphy  inih  the  l  S  Naval 
liydnignijiliie  Office 

Mr  Doherty  has  several pidiltniti,  im  iui 
fit Muons  to  Im  credit 

Since  tote  /  96  7  Ma/or  Hubert  M 
ijrvwii  has  bren  a  project  officer  at  the 
Irxpctimental  Balloon  Activities  Branch  of 
A  I- Clil.  V  Aerospace  (nsiriimctitalion  lahr 
ratorw 

In  June  1 9J  7.  Major  Brawn  reccivcil  Itis 
US  In  S'onil  Science  from  the  VS  Vet  a) 
Academy,  and  in  I ppj  his  US  in  Fledncol 
engineering  from  the  Untwrsttv  of  Michigan 
through  the  Air  force  IhSliiuic  of  Tech- 
'mingy  From  lvr,J  to  /Pits,  hr  \Wj  ,«• 
signed  lo  the  staff  of  DoD's  Manager  for 
Maimed  Stmee  Flight  as  an  electrical  engi¬ 
neer 

Miliar  ft’ nun  t,  /he  reefpie at  or  ’/ 

military  decorations  for  Ids  duiics  a  c  a 
fighter  pilot  in  the  Air  Defense  Command 
fl9S9-i9(,lj  and  the  Tactical  Air  Command 
fl96S- 196  71.  He  is  a  member  of  the  1 1:  i:  i: 


t-canees  x.  Oottnity  Holt)  erui  Mnlor 
Robifrt  M.  Brown  wins  danyntd  tlio  APCftt 
balloon-locating  sml  tracking  nynom.  Tbs 
tract,  on  tha  map  m  tlto  background  Uiows 


llto  path  taXon  by  t  !lo  ItiMoon  used  to  tort 
iho  rynoin.  Ttir  balloon  wo*  launched  from 
Waltons  Island,  Virginia, 
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free-molecular  flow 
through  a  circular  tube 
of  finite  length 

OR.  K.  S,  NAGA.RAJA.  Hyparsonlc  Research  Laboratory,  ARL 


t  he  inlet nti!  flow  of  rarefied  gases  has.  Hi  recent  years, 
gained  increasing  importance  due  to  a  variety  of  space 
programs,  Flights  ill  very  high  altitudes  have  increased  the 
need  for  information  pertaining  to  llie  low-density  regimes, 
and  the  flow  charm- term ics  in  these  regions  car  be  obtained 
only  from  kinetic  theoretic  considerations. 

the  problem  ot  Kmuiwn  w  nee-,,.  .  ’  ..  in 

tubes  of  right-circular  cross  section  has  relevance  to  tire 
design  of  vernier  and  electric  thrustors.  to  the  technology 
of  higlnvacuum  systems,  nnd  to  the  design  and  operation  of 
low-density  facilities.  The  free-molecular  flow  m  •'infinite 
tubes”  lias  been  considered  in  many  texts  on  kinetic 
theoiy,  (e.g„  Ref,  I).  Kundson  flow  m  finite  lubes  has  been 
studic'1  by  several  authors,  and  a  survey  of  the  available 
literature  is  given  in  Reference  2. 

Some  recent  experiments  tot  determining  'lie  flow 
rates  through  tubes  with  openings  of  1  to  5  ni  trons  in 
diameter  involved  tube  length  to  radius  ratios  of  100  and 
larger  (Ref.  3).  When  the  ratio  UR  exceeds  10,  the 
numerical  evaluation  of  the  Clausing  equation,  which  gives 
the  flux  distribution  of  molecules  along  the  interior  surface 
of  the  tube,  requites  a  grout  deal  of  computing  time  even  on 
an  HIM  70')4,  The  larger  the  L/R  becomes,  the  worse  the 
situation  uets, 

The  present  work  incorporates  in  the  numerical  scheme 
Cel  tain  properties  (indicated  m  the  ensuing  discussion)  of 
the  flux  distribution  along  the  interior  surface  of  the  tube, 
The  computing  time  is  not  only  reduced  by  this  scheme, 
but  the  reliability  of  the  data  is  also  ensured.  With  (lie  flux 
at  the  interim  surface  of  the  tube  thus  obtained,  the  radial 
flux  of  molecules  at  the  exist  section  is  calculated  by  a 
straightforward  integration  scheme. 

Particles  entet  u  light  •circular  cylindrical  enclosure.  The 
entering  flux  is  assumed  to  be  uniform  across  the  opening 
section.  The  neutral-particle  mean  tree  pat?)  is  assumed  to 
be  sufficiently  huge  so  that  the  flow  remains  essentially 
free-molecular  in  the  tube,  Further,  it  is  assumed  that  the 
reflection  floor  the  wall  surface  is  diffuse, 


The  arrival  rale  or  flux  (at  a  unit  area  element)  of 
molecules  coming  from  an  area  element  cJSj  located  at  a 
distance  y,j  is  given  by  Ref.  1. 


d  (nj)  ~  TT  cos  0,  cos  ©; 


dS, 
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where  Oj  and  0j  me  the  angles  that  the  line  joining  the 
centeis  of  the  men  elements  makes  with  the  normals  to  the 
respective  men  elements  (IS,  and  dSj.  Die  quantity  hj  refers 
to  the  flux  of  molecules  at  the  urea  element  clSj.  Equation 
{I )  is  the  basic  relation  in  the  analysis  of  the  problem. 

The  radial  flux  of  molecules  ut  the  exit  section  depends 
on  eentrlUii.viu  voming  from  two  sources,  some  of  the 
molecules  entering  the  tube  fly  straight  to  the  exit  piano,  A 
fiaction  of  the  molecules  reflected  from  the  wall  also 
contributes  to  the  flux  at  the  exit  plane.  The  flux  density 
h,  of  molecules  entering  tire  tube  is  known  vffom  the 
upstream  chnmbcr  conditions),  but  the  flux  of  molecules  at 
a  point  on  the  interior  wall  surface  is  not  known  a  priori. 
This  flux  is  determined  by  contributions  from  molecules 
entering  the  tube  and  those  reflected  trom  the  wall  surface 
itself.  Mathematically,  this  leads  to  the  following  integral 
equation  (called  the  Clausing  equation)  lor  the  flux,  hs,  at 
the  interior  surface: 

lij  (x,  R,  L)  B  ii|  ll(r.X,R)  dr 

J  o 


+  rLhj  (y.R.l.)  l  (y,x,R)dy.  (2) 

•'o 

In  equation  (2),  x  refers  to  the  distance  of  tire  station 
(where  the  flux  is  ro  be  determined)  from  the  entrance 
plane,  and  R  and  L  are  the  ladius  and  length  of  the  tube, 
respectively.  The  functions  H  and  l  arise  from  the  use  of 
equation  (I )  m  the  analysis,  and  me  therefore  geometric  in 
character.  Nondimeiisionaliting  the  equation  by  the  use  of 
the  transformations 


-r  its  -  x  _r_  _  R 

ns  “,t  ’  x",'  i»(,  and  R  w". 
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the  Clausing  equation  can  be  written  as 


n,(x.  R)  =  L 
2R 


1  - 

1  n 3  (v,  ft)  7  (K.x.y)  dy.  (.)) 


x*  +  2R»  .  x 

(X3  +  4R*)Vi 


(I) 


. . . 


It  can  be  easily  shown  tiiat 


i 


i'<  (\.  10  *  t»j  (I  •  x,  H)  *  j  {.») 


It,  therefore,  follows  that  hi  (x  *  H,  R)  *  u. 

The  imogtul  equation  (3)  is  solves!  on  an  HIM  'O'M  in 
the  range  0*  x  j,  vy,  since  the  values  in  the  inieival  {'A.  !! 
follow  from  equation  {■1).  This  scheme  reduces  the  comput¬ 
ing  time  considerably.  Further,  the  iteration  scheme  uses 
the  fact  that  i'w  (34,  FI  ■  W.  and  thereby  ac'cidetotes  the 
computation.  This  Is  particularly  useftf’  v-!-*n  !.-R  is  10  oi 
atiovE.  Inc  results  arc  also  checked  against  the  requirement 
that  the  number  of  molecules  entering  the  tube  Is  equal  to 
the  sum  of  the  number  of  molecules  leaving  the  tube  at  the 
exit  section  and  the  number  of  molecules  Hying  straight  to 
ihe  entrance  section  after  cx.|Kiicncing  a  reflection  from 
the  wall  surface, 

The  results  of  the  computations  ate  shown  (see  also 
Ref.  41  in  Figures  i  and  2  which  show,  respectively,  the  flux 
distribution  at  the  interior  wall  suifuce  and  at  the  exit 
plane. 

Further  work  to  include  intemiolccular  collisions  is 
being  pursued, 
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Dr,  ftagaraia  Inis  been  a  research  scholar  m  the  peixtrtmcn!  of 
Aeronautical  engineering,  Indian  institute  of  Sciatic,  bangalore. 
India  tvlieie  he  umhed  icing  phnfemns  in  subsonic  ami  supersonic 
flight  conditions)  tic  has  alto  deieloped  an  analysis  for  obtaining 
aerodytiamic  lift  distribution  an  swept  wings. 
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currently  living  research  m  rarefxd  gas  dynamics  and  I  iSTVt. 
aerodynamics. 


Solat  flares  ere  (hr  ni.-u  energetic 
ami  complex  events  on  the  mm.  ami 
n i due c  brilliant  ami  often  dntiiphvr 
events  on  earth  auroras  .mil  iiugnem 
storms  Almost  all  solar  ubservuloricv 
coniinuouiiy  monitor  the  sun.  keeping 

at  least  Onf  telescope  pointed  at  the 

'tin  throughout  the  sky,  ansi  taking 
pictures  ot  u  every  tew  seconds  with 
iut  automatic  t-nmera.  Using  these 
photogi  aplis ,  solur  astronomers 
manually  and  luboiinuxlv  characterize 
solar  flares  by  area,  peak  intensity,  ami 
•utegialesl  intensity,  ami  assign  a  class 
ft)  each 

Paul  I  lallunt  ol  ATDHl  s  Sacra¬ 
mento  Peak  Ohserv.itory  in  New 
Mexico  Inis  developed  mstnimcnidtion 
for  classifying  solar  Nates  precisely, 
uniformly  ,  ptomplly,  umi  in  teal  time. 
He  calls  the  new  instrument  for  doing 
Hus  fhe  solat -flare  videometer  11  ie 
vtdeoriK'ter  m  onuses  lo  heeome  the 
most  important  new  sol, it  analytical 
instrument  to  appear  in  many  years 

Visually,  flares,  m  contrast  to 
hemgn  and  fascinating  solar  |-omi- 
itmccs,  ar cn "I  very  spectacular  If  we 
look  at  the  sun  m  the  highly  filtered 
itglil  region  of  hydrogen  alpha  (Ha), 
structures  on  the  solar  disk  arc  seen  in 
high  contrast  In  Hit  light,  a  solar  llare 
appear r  as  a  sudden,  almost  iiistaiUa- 
neons,  bright  spot  of  light  which  may 
persist  lor  an  hour  or 

lire  concept  ol  tlte  solar-Aarv 
videonroter  ongm.itcd  with  Dr 
Htelt.ml  li  Dunn  of  the  fci  'iameitio 


Peak  Observatory  The  baste  element  >« 
a  rlosrtl -circuit  (e|pvi«>.in  cyofm  Sac 
l*eak  keeps  this  IV  system  trained  on 
(he  miii  continuously  Solar  lla  images 
arc  presented  <>fl  monitors  located  foi 
convenient  Viewing  throughout  the 
Observatory  Die  Vidromrtcr  takes 
advantage  nj  sipilaipf  messing  media 
imire  inherent  m  the  ..icm  A 
line  selectoi  is  used  to  obtain  u  single 
television  tine  (of  the  total  525),  with 
the  line  displayed  on  an  oscilloscnp. 
Tile  video  Signal  along  a  given  scan  line 
ts  similar  to  that  of  a  nncmpholoiiietci 
scan  along  a  photographic  linage  With 
suitable  auxiliary  process, tig  citcuitiy, 
the  video  signal  can  be  used  to  mens 
utc  (late  atca,  peak  intensity',  and 
integrated  intern, ry  tit  real  time. 

lire  technique,  wtulc  simple  in 
principle,  required  many  teimemenu 
before  reaching  applicability  First, 
because  flares  occur  only  m  active 
centers  characterized  by  sunspots,  sun- 
spot  regions  are  giued  off  for  closet 
scrutiny.  Novt,  is  ilie  plage  problem. 
Plages  are  extremely  bright  areas  sur 
rounding  sunspots  A  bright  Hate  must 
be  delected  against  the  bright  back¬ 
ground  ol  the  associated  plage  area 
Amplitude  discrimination  techniques 
.tic  used  to  overcome  this  problem. 
Lasi,  tlare  brightness  appears  much 
greater  at  noon  than  in  the  late  after- 

bvs..iiii»c  of  i Sic  vicnvMliI  itnttjt*  an<j 

the  earth  v  attnospheit*.  To  correct  for 
such  Jioina!  effects,  light  emitted 
I  trim  a  quiet  portion  of  the  solar 
ehuunosplieie  is  used  as  a  reference. 
Tlte  signal  obtained  from  the  chro¬ 
mosphere  is  used  to  control  the  video 
gam  so  that  the  signal  level  is  constant, 
icg.iidless  of  the  position  of  the  sun 
l he  vidcoinctci  permits  the  a»- 
ironomei  to  see  the  line  structure  of 
flares  not  appaicni  m  simple  photo¬ 
graphic  analysis.  In  one  case,  a  lime 
was  visible  IC>  minutes  earlier,  and 
persisted  18  minutes  longer  than  .lie 
Same  flare  seen  m  photographs  The 
biggest  advantage  of  the  videometer  is 
that  it  eliminates  the  subjective  lacioi 
of  flare  analysis,  winch  presently  ac¬ 
counts  for  the  large  spread  in  flare 
classification  by  different  observers. 
The  videometer,  because  ol  the  objec¬ 
tive  and  quantitative  data  that  it 
presents,  could  lead  lo  a  more  physi¬ 
cally  invamnelu!  classification  scheme 
for  solar  flares. 
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a  RiHltBnrpose  instrument  for 


DR.  W.  LEIDENFROST 
Professor  of 

Mechanical  Engineering,  Purdue  University 

Much  effort  is  currently  being  expended  to  measure 
and/or  calculate  the  properties  of  materials  over  contin¬ 
uously  widening  ranges  of  pressure,  temperature  and,  in  the 
case  of  mixtures,  composition.  The  user  of  such  data  is 
often  confronted  with  different  types  and  quality  of 
information,  and  many  times  he  must  estimate  new  values 
for  a  needed  condition.  Tiris  is  true  for  a  single  property 
such  as  density,  viscosity,  etc.  liven  if  data  can  be  found, 
the  values  usually  ate  not  physically  concordant. 

The  present  investigation,  sponsored  by  the  Air  Force 
Office  of  Scientific  Research,  is  an  attempt  to  determine 
simultaneously  many  properties  of  substances  in  order  to 
(a)  eliminate  sample  variations  in  different  tests;  fb)  secure 
identical  conditions  for  ail  different  properties;  (c)  greatly 
reduce  the  time  and  expense  otherwise  needed  for  separate 
measurements.  Most  of  the  data  is  observed  absolutely, 
with  iiigli  precision  over  wide  ranges  of  temperature  and 
pressure.  This  data  can  then  be  used  for  theoretical  studies 
to  verify  and  check  models  for  predicting  properties  by 
statistical  mechanics,  especially  for  those  ranges  of  temper¬ 
ature  where  it  is  impossible  to  make  measurements. 

The  most  significant  result  of  the  work  done  to  date 
has  been  the  design  and  construction  of  a  unique  instru¬ 
ment  that  can  make  these  property  measurements  simul¬ 
taneously.  This  instrument  is  shosvn  schematically  in  Figure 
1,  and  pictorially  in  Figure  2.  It  consists  of  four  major 
parts.  A  hot  body  cylindrically  shaped  with  hemispherical 
ends  is  enclosed  in  a  similarly  formed  1>ut  siightiy  iarger 
upper  cavity  of  the  cold  body  which  has  three  parts.  The 
lower  part  encloses  a  pressure-measuring  device,  valves,  and 
a  standard  platinum-resistance  thermometer  which  is  lo¬ 
cated  in  the  lower  spherical  cavity  formed  between  the 
lower  and  middle  parts  of  the  cold  body.  Tire  upper  part 
suspends  and  centers  the  hot  body  and  houses  a  fecd-in 
device.  The  system  is  filled  with  test  fluid  either  from 
below  or  through  the  feed-in  device.  The  instrument  can  be 
sealed  off  completely  for  constant  volume  measurements 
or,  in  connection  with  outside  instrumentation,  can  be  used 
for  other  types  of  measurements.  The  temperature  of  the 
instrument  is  regulated  by  thermoslated  fluids  channeled 
bifilarly  through  passages  provided  as  indicated  in  Figure  1 , 
The  temperature  range  of  the  instrument  is  from  -!90 
degrees  C  to  +650  degrees  C:  the  pressure  range  extends 
from  vacuum  to  500  atmospheres. 


*  A  r,  ore  detailed  descrip  r  */i  of  some  of  the  material  of  this 
paper  may  be  found  in  Reference  I. 
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FiBurc  1.  Multipurpose  instrument  schematic. 


Properties  which  can  be  determined  or  measured  are  as 
follows; 

1.  The  hot  body  eon  .tins  a  heater  element  and  serves 
to  generate  a  thermal  potential  between  it  and  the 
cold  body  when  thermal  conductivity  is  to  be 
determined. 

2.  By  establishing  an  electrical  potential  difference 
between  the  hot  and  cold  bodies,  the  fluid  electrical 
conductivity  can  be  measured. 

(In  the  first  case,  Fourier’s  law  is  applied.  In  the  second 
case,  Ohm’s  law  is  used.  The  geometric  constant  for  both 
cases  is  determined  by  capacitance  measurements.) 

Additional  pioporties  of  fluids  can  also  be  determined 
absolutely  under  steady-state  conditions.  These  include: 

5.  Dielectric  constant  computed  from  the  ratio  of 
capacitance  measured  with  test  fluid  in  the  system 
to  that  observed  under  vacuum  at  the  identical 
temperature. 

4.  index  of  refraction  computed  from  the  dielectric- 
constant  vaitics  whenever  the  square-root  relation¬ 
ship  to  the  dielectric  constant  holds  true. 

5.  A.C.  electrical  conductivity,  determined  with  the 
aid  of  a  capacitance  bridge. 


8 


6.  P-V-T  properties  of  vapor  and  gases  determined  by 
observing  the  change  of  pressure  with  temperature 
tinder  various  constant  specific-volume  conditions. 

7.  Specific  heats  of  liquids  and  solids  measured  by 
replacing  (be  heater  element  with  a  calorimeter 
container,  Constant  heat  input  by  the  heater  will 
heat  tip  the  sample  continuously.  The  temperature 
rise  with  time  together  with  the  heat  input  and  the 
mass  of  the  sample  yield  the  specific  heat  when 
there  are  no  heat  losses.  This  is  assured  by  the  cold 
body  acting  ns  an  adiabatic  envelope,  Us  tempera¬ 
ture  is  regulated  so  as  to  be  identical  to  the 
temperature  of  the  container  at  all  times. 

8.  Vapor  pressure  of  liquids. 

9.  Compressibility  coefficient  of  liquids. 

10.  Thermal-expansion  coefficient  of  liquids. 

1  i .  Break-down  voltage. 

In  addition  to  the  properties  of  test  fluids  listed  above, 
several  important  properties  of  the  instrument  itself  can  be 
determined,  such  as: 

12.  Thermal  expansion  coefficient  of  instrument  wall 
(representing  a  composite  structure).  This  property 
is  determined  by  observing  the  capacitance  of  the 
arrangement  under  vacuum  as  a  function  of  tem¬ 
perature. 

13.  Thermal  expansion  coefficient  of  centering  rod. 
Measurements  are  carried  out  as  indicated  under  1 2 


above,  bu;  with  the  hot  body  placed  off  center  in 
an  axial  direction. 

14.  Young’s  modulus.  Pressure  change  of  capacitance 
with  a  test  fiuid  (which  has  a  known  dielectric 
constant)  is  obtained  as  a  function  of  pressure. 

15.  The  measurements  listed  under  12  nbove  yield  the 
geometric  constant  of  the  arrangement  which  is 
equal  to  the  ratio  of  the  area  and  width  of  the  gap 
between  the  hot  and  cold  bodies. 

Other  possibilities  not  described  in  any  detail  here  lead 
to  the  tollowtng  properties  determinable  absolutely  or 
i  datively  by  tire  present  Instrument  when  operating  under 
unsteady  oi  transient  conditions: 

1<>,  Dlffusivity  of  heat. 

17.  Dlffusivity  of  mass. 

18.  Dlffusivity  of  momentum. 

19.  Critical-point  conditions. 

20.  Phase-change  conditions. 

2!.  Joule -Thomson  coefficient. 

Note  that  some  of  the  properties  measured  are  needed 
to  correct  other  properties  observed  under  perfectly  iden¬ 
tical  conditions.  For  example,  knowing  the  index  of 
refraction  of  a  test  fluid  makes  it  possible  to  correct 
thermal-conductivity  measurements  of  the  same  sample  for 
radiant-heat  transfer.  Likewise,  tire  observation  of  the  geo¬ 
metric  constant  as  a  function  of  temperature  and  pressure 


Figure  2.  Equipment  ejsoeiated  with  multipurpose  Instrument. 


makes  electrical-  and  thermal-conductivity  values  more 
accurate.  Knowing  the  thermal-expansion  coeft'  ient  and 
Young’s  modulus  allow;  deviations  from  const  nl -volume 
conditions  to  be  corrected  when  P-V-T  data  are  observed. 
By  measuring  many  properties  simultaneously,  it  is  pos¬ 
sible,  by  cross  checking  measurements  of  related  properties, 
to  determine  if  any  observed  anomalous  variation  of  one 
propotty  really  exists. 

in  Figure  2,  the  capacitance  bridge  is  shown  on  tiie 
right-band  side,  next  to  it  are  tiie  conductance  bridge  and 
the  master  switch.  Further  to  tiie  left  can  be  seen  the 
potentiometer,  Tiie  multipurpose  instrument  itself  is 
mounted  on  a  console  shown  in  (lie  center  of  the 
photograph.  Tlte  mounting  platform  is  electrically  insulated 
from  the  ground,  and  is  part  of  the  shield  of  the  bridges. 
Tlte  console  on  the  right-hand  side  of  tiie  instrument  houses 
devices  for  filling  and  emptying  the  instrument,  and  for 
pressurizing  the  test  fluid.  It  also  contains  pressure- 
measuring  equipment.  A  vacuum  pump  and  thermostats  are 
located  on  the  other  side  of  tire  instrument.  Further  to  the 
left  is  .  automatic  control  unit  needed  to  heat  the  cold 
body  to  are  temperature  of  the  calorimeter  container  when 
specific  heats  are  measured.  Next  to  tire  unit  is  a  Muelier 
bridge  used  to  calibrate  tiie  platinum-resistance  thermom¬ 
eters  built  into  the  cell,  The  equipment  is  so  arranged  that 
it  can  be  operated  hy  a  single  observer. 

The  concept  of  the  multipurpose  instrument  resulted 
from  property  research  carried  out  by  tlte  autiioi  over  the 
past  20  years  with  various  kinds  and  types  of  instruments, 
many  of  which  he  developed  Itimscif.  (2,3,4)  In  June  1965, 
Air  Force  support  was  obtained.  Although  tiie  instrument 
was  designed,  developed  and  built  in  1  year,  it  took  almost 
another  hill  year  to  line  the  surfaces  wetted  by  tiie  tesi 
fluid  with  a  I-mm-tluck  gold  layer.  By  1968,  tiie  laboratory 
was  completed  and  the  instrument  became  operational. 
Since  then,  all  necessary  calibration  lias  been  completed, 
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Figure  3.  Capscitcnca  of  gaometrical  amflgomant  under  vacuum  at 
a  function  of  temperature. 
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and  properly  measurements  at  single  conditions  of  temper-  ; 

aturc  and  pressure  have  been  initiated.  Some  properties  I 

were  observed  over  wider  ranges  of  those  parameters. 

Figure  3  shows  the  capacitance  of  the  device  under 
vacuum  as  a  function  of  temperature.  The  scatter  of  only  a 
few  thousandths  of  a  percent  of  the  measured  values 
around  tiie  smooth  curve  seems  to  indicate  that  the  wiring, 
shielding  and  guarding  were  done  properly. 

Figure  4  shows  tire  preliminary  results  of  thermal- 
conductivity  measurements  of  helium  measured  along  two 
isotherms  in  a  limited  pressure  range.  Those  measurements 
were  tire  most  critical  ones  because  they  were  used  to  check 
out  not  only  the  proper  functioning  of  the  total  system, 
but  also  to  prove  the  quality  of  the  gold-bond  lining. 

Improper  bonding  would  cause  indeterminable  and  unre¬ 
peatable  changes  of  the  geometry  of  tlte  system.  Tiris,  in 
turn,  would  make  it  impossible  to  determine  most  of  tlte 
properties  listed. 

Tiie  measured  values  of  the  thermal  conductivity  of 
helium  agree  very  well  with  recommended  data  and  seem  to 
confirm  a  very  nonlinear  pressure  dependence  in  the 
low-pressure  range. (5)  The  observation  of  data  at  25°C  was 
carried  out  rather  rapidly.  For  the  30°  C  isotherm,  more 
time  was  allowed  for  measurements  after  eacli  pressure 
change.  Tiie  data  scatter  was  substantially  less,  wliiclt  might 
indicate  that  a  rather  long  time  is  needed  to  re-establish 
thermodynamic  equilibrium  in  helium.  Tilts  point  will  be 


Figure  4,  Thermal  conductivity  of  helium  gaj  v*.  pressure. 
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investigated  further. 

The  instrument  presently  is  being  used  to  observe  the 
transport,  thermodynamic,  and  electrical  properties  of 
other  gases,  and  wilt  be  used  in  the  near  future  to 
determine  (lie  properties  of  liquid  refrigerants  and  organic 
matter.  However,  many  other  applications  are  envisioned  for 
lire  versatile  instrument. 

For  example,  the  device  is  ideally  suited  for  measuring 
the  properties  of  fluids  used  as  heat-transfer  media  for 
cooling  electronic  components  in  guidance  systems, 
missile-control  and  computer  devices,  high-speed  aircraft 
and  space  veliiclcs.  These  cooling  fluids  must  not  only  keep 
the  electronic  equipment  at  a  safe  operating  temperature 
but,  in  addition,  must  have  the  proper  electrical  properties. 
They  must  also  be  good  insulators.  And  they  must  meet 
certain  requirements  with  respect  to  boiling  and  freezing, 
and  be  chemically  inert . 

The  multipurpose  instrument  is  able  to  observe  all  the 
important  properties  of  these  fluids,  and  so  could  be  used 
to  select  the  optimum  coolant  in  a  minimum  time  at  greatly 


reduced  cost. 
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NUCLEAR  STUDIES  WITH  8-SVleV 
TANDENI  ACCELERATOR 

WILLIAM  A.  ANDcRSON  (hmw  n  much  mmnanenn  nf  thie 


General  Physics 
Research  Laboratory,  ARL 

The  Nucloar-Structure  Group  at 
ARL  is  currently  engaged  in  nuclear 
spectroscopic  measurements  related 
to,  and  defined  by,  the  general  prob¬ 
lems  of  nuclear  structure.  These  meas¬ 
urements  are  accomplished  by  the 
detailed  investigation  of  nuclear  inter¬ 
actions  induced  by  the  charged- 
particle  bombardment  of  selected 
target  nuclei. 

In  order  to  initiate  a  nuclear 
interaction  by  charged-pnrticie  bom¬ 
bardment,  the  incident  particle  must 
have  sufficient  energy  to  penetrate  the 
Coulomb  barrier  which  exists  between 
the  particle  and  the  target  nucleus. 

The  research  potential  for  future 
nuclear  structure  studies  was  consider¬ 
ably  enhanced  recently  with  the  acqui¬ 
sition,  by  ARL,  of  a  particle  accelera¬ 
tor  of  unique  design  and  capability. 
Prior  to  the  installation  of  titis  new 
accelerator,  the  maximum  accelerating 
energy  available  to  the  Group  was  2 
MeV  provided  by  the  standard-charge 
belt-type  electrostatic  accelerator  of 
Van  do  Craaff  design.  This  limited 
accelerating  capability  restricted  in¬ 
vestigations  to  nuclei  at  the  lower  end 
of  the  periodic  table  having  an  atomic 
number  Z  less  than  about  20.  Figure  1 


shows  a  rough  comparison  of  this 
capability  to  tiiat  of  the  new  tandem 
accelerator. 

Titis  report  briefly  summarizes  the 
design,  operation,  and  increased  capa¬ 
bilities  incorporated  in  tiiis  new  8-MeV 
tandem  accelerator  and  its  applications 
to  the  wide  area  of  investigations 


conducted  in  the  ARL  Nuclear-Struc¬ 
ture  Group. 

INSULATING  CORE 
TRANSFORMER 

The  insulating  core  transformer 
(ICT)  is  die  source  of  power  for  the 
acceleration  system.  It  is  capable  of 
providing  i  2  milliamperes  of  current 


8  MeV  TANDEM  ACCELERATOR 


CAPABILITY 


2  MeV 

VAN  de  GRAAFF 
CAPABILITY 


ATOMIC  NUMBER 


Figure  1.  Comparison  of  the  2- MeV  oeceterating  capability  with  that  of  the  U-M*V 
tandem  accelerator. 
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at  a  potential  of  4  million  volts  (MV). 
TJie  3-phase  transformer  core,  con¬ 
sisting  of  3  legs  having  44  insulated 
core  scgnionts  IS  inches  in  diameter, 
produces  a  magnetic  path  of  high 
dtiolectriG  strength  and  low  reluctance. 
Bitch  core  segment  is  surrounded  by  a 
secondary  coil,  the  output  of  which  is 
rectified  and  doubled  in  a  voltage 
doublet  circuit.  Tire  doubler  circuits 
are  connected  in  series,  and  the  total 
voltage  obtained  is  terminated  at  a 
highly  polished  stainless-steel  hemi¬ 
sphere  at  the  top  of  the  transformer, 
Equipotential  rings  around  each  triple 
coro  section  establish  a  uniform  elec¬ 


trostatic  gradient  along  the  trans¬ 
former.  Bleeder  resistors  establish  the 
voltages  for  the  equipotential  rings  and 
provide  a  path  for  terminal  disclmrge. 

The  primary  power  required  for 
operation  of  the  ICT  is  60-cycle, 
3-pliasc,  and  is  provided  by  a  servo- 
controlled  variable  transformer. 


TRANSMISSION  LINE 

The  terminal  voltage  generated  by 
the  ICf  is  eoupled  to  the  acceleration 
cystem  by  a  iiiglily  efficient,  low-loss 
RC  network  illustrated  in  Figure  2. 


TANDEM  ACCELERATOR 

The  ion-beam  acceleration  process 
is  accomplished  by  two  multisection, 
8-foot-long  acceleration  tubes  joined 
together  bv  another  Iiiglily  polished 
stainless-al-  1  terminal.  (Figure  3)  This 
terminal  is  supported  by  a  very-high- 
resistance  bleeder  network  similar  to 
the  ICT.  The  electrode-to-electrode 
voltage  gradient  for  the  tubes  is  estab¬ 
lished  by  a  voltage  divider  network 
and  equipotential  rings, 

In  the  tandem  accelerator,  nega¬ 
tive  ions  are  accelerated  from  es¬ 
sentially  ground  potential  to  the  high 
voltage  terminal,  converted  to  positive 
ions  by  an  electron  stripping  process, 
and  further  accelerated  to  ground 
potential .  The  ions  to  be  accelerated 
are  originally  produced  as  positive 
hydrogen  ions  (H,  • ,  Ha+,  and 
HrHj  +)  obtained  from  a  plasma  vessel 
surrounded  by  a  high  RF  field.  Some 
negative  ions  are  produced  from  the 
initially  un-ionized  portion  by  a 
charge-exchange  process  with  the 
positive  ions  in  the  source. 

These  negative  ions  are  attracted 
to  the  positively  charged  high-voltage 
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Figure  4.  Demonstration  of  uluoltfgtt 
boo  nven  orgy  resolution  capability. 

(M.V.)  terminal.  Upon  arrival  at  the 
terminal,  the  ions  pass  through  a 
stripping  canal  where  the  electrons  are 
removed  by  collision  with  oxygen-gas 
molecules.  The  remaining  particles 
(protons),  which  already  have  an 
energy  corresponding  to  the  potential 
of  the  H.V.  terminal,  are  repelled  away 
from  the  terminal  toward  ground 
potential,  thereby  attaining  an  ulti¬ 
mate  energy  equal  to  twice  the 
terminal  voltage 


With  modifications  of  the  ion 
injector,  it  will  soon  be  possible  to 
accelerate  heavier  particles  and  provide 
pulsed-beam  operation. 

analyzing  magnet  system 

The  90°  Beam  Analyzing  System 
is  used  to  select  positive  ions  of  a 
particular  mass,  energy  and  citarge.  It 
operates  on  the  principle  that  a 
charged  particle  in  motion  is  dellected 
by  3  magnetic  field,  and  that  the  angle 
through  which  the  particle  is  deflected 
varies  with  tire  mass,  energy,  and 
charge  of  the  particle.  Knowledge  of 
the  exact  positive  ion-beam  energy  is 
extremely  important  for  nuclear-inter¬ 
action  experiments.  Therefore,  the 
strength  of  the  magnetic  field  must  be 
accurately  determined.  Tills  informa¬ 
tion  is  provided  by  nuclear  magnetic- 
flux  measurement  equipment  and  a 
frequency  counter- 

The  deflected,  analyzed,  positive- 
ion  beam  passes  through  an  adjustable 
slit  system  placed  in  the  plane  oi 
deflection.  An  error  signal  is  picked  up 
by  one  edge  of  tire  siit  if  the  beam 
energy  changes.  Tills  signal  is  fed  back 


to  tire  ICT  power-supply  stabilizer  for 
precise  terminal-voltage  control. 

initial  studies  with  the  new  ICT 
tandem  accelerator  show  that  it  Is  a 
powerful  new  tool  for  nuclear- 
structure  research.  Beam-energy  reso¬ 
lution  or  about  ±  200  eV  or  better  lias 
been  demonstrated  on  many  occa¬ 
sions.  (See  Figure  A)  it  is  believed  to 
be  the  largest  ultralugh-resolution  ac¬ 
celerator  presently  in  existence. 

'Die  nature  of  the  research  pro¬ 
gram  which  requires  such  a  sophisti¬ 
cated  tool  involves  the  continued  de¬ 
velopment  of  a  systematic  study  of 
energy  levels  of  low-medium  mass 
nuclei.  The  nuclear  reactions  produced 
by  the  accelerator  bean.,  when 
spcetroscopicaiLy  analysed,  provide 
data  on  properties  of  energy  levels. 
The  comparison  of  these  data  is  made 
with  theoretical  predictions  to  deter¬ 
mine  the  nuclear  structure,  nuclear 
interactions,  and  validity  of  various 
theoretical  nuclear  models. 


Mr.  William  A.  Anderson  is  chief  tech¬ 
nician  In  charge  of  accelerator  operations  bl 
the  Nuclear  Branch,  General  Physics  Re¬ 
search  Laboratory .  ARL 

In  March  1959,  he  enlisted  in  the  USAF 
and  was  an  honor  graduate  from  the  Elec¬ 
tronics  Tech.  School  lie  mis  subsequently 
assigned  to  the  Strategic  Air  Command  as  a 
communication  and  navigation  technician  at 
March  APB,  California.  During  a  three-year 
tour  there,  he  attended  If.S.C.,  LosAngeles 
In  his  off-duty  hours.  In  August  1962,  he 
was  assigned  to  ARL,  and  honorably  dis¬ 
charged  in  Decani  bar  of  the  same  year. 

Mr,  Anderson  joined  ARL  as  a  civilian 
in  January  1963.  He  attends  classes  at 
Wright  State  University,  and  will  soon  re¬ 
ceive  his  B.  S.  in  Physics.  He  is  a  coauthor  of 
a  paper  indented  at  a  meeting  of  the 
American  Physical  Society  27-30  April 
1964. 
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Mr.  W.  A.  Anderson  adjusting  the  ton-sourca  section  of  the  new  8-M»V  tandem  etcetera  tor. 
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gra  vity-gradi&nt-siabilizing  torques 


The  technique  of  stabilising  satellites  by  exploiting  the 
torques  gonerated  by  differences  in  the  spacecraft  moments 
of  inertia  is  known  as  gravity-gradient  stabilisation.  The 
technique  is  quite  simple.  By  designing  a  satellite  to  have 
large  differences  between  the  moments  of  inertia  about  the 
spacecraft  axes,  the  satellite,  with  appropriate  damping,  will 
stabilize  about  the  local  vertical.*  The  best  example  of  a 
gravity-gradicnt-stabilizcd  satellite  is  the  moon.  The  slight 
differences  in  the  moments  of  inertia  of  the  moon  create 
small  torques  which,  over  the  years,  have  stabilized  the 
moon  such  that  one  side  always  points  to  the  earth. 

Artificial  earth  satellites,  such  as  OAR’s  OV1,  use  this 
technique  for  stabilization  when  experiments  require  the 
spacecraft  to  view  the  earth.  The  usual  technique  is  to 
extend  very'  tong  slender  rods  with  small  tip  masses  to 
create  the  favorable  inertia  ratios.  On  the  OVl  satellite, 
there  are  5  booms.  Two  are  Osseniinliy  vertical  and  arc  62 
feet  long;  the  other  3  are  horizontal  and  50  feet  long.  Oilier 
satellites  have  used  i  to  6  booms,  and  lengths  have  been 
from  30  feet  to  750  feet.  Damping  mechanisms  vary 
widely,  but  usually  rely  on  interaction  with  the  earth's 
magnetic  field  or  relative  motion  between  booms  to 
dissipate  energy,  But,  to  fully  appreciate  these  mechanisms, 
one  must  first  understand  the  bo3ic  concept  of  gravity- 
gradient  stabilization;  the  generation  of  the  stabilizing 
torques.  In  other  words,  how  can  you  expect  a  satellite  to 
stabilize  simply  by  sticking  out  a  long  tod? 
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Tile  gravitational  force  is  mg/ReTJ  and  always  acts  towards 

\  R  / 

(lie  center  of  the  earth.  The  centrifugal  force  is  inRw5, 
where  to  is  the  orbital  angular  velocity,  expressed  in  radians 
per  second.  Expressed  in  vector  notation,  it  is  into  x  (f‘x  to); 
thus  its  line  of  action  is  parallel  to  the  orbital  plane. 


TORQUE  GENERATION  IN  THE  PITCH  PLANE 

Imagine  a  satellite  made  up  of  two  equal  masses 
separated  by  a  very  long  weightless  rod,  as  sketched  in 
Figure  ?a.  The  gravity-force  action  on  mass  1  is  smaller 
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Pijure  2»,  Pitch  piano.  Gravitational  torque  Imbalance. 

than  the  force  acting  on  mass  2,  The  moment  arm  through 
which  the  force  acts  is  shorter  for  mass  I  than  for  mass  2. 
Therefore,  the  net  gravitational  torque  will  rotate  the 
dumbbell  towards  the  local  vertical.  The  centrifugal  torques 
exactly  cancel  because  the  stronger  force  itas  the  shorter 
arm,  and  vice  versa.  (Figure  2b  contains  a  derivation  of  this 
cancellation.) 


TORQUE  GENERATION  IN  THE  ROLL  PLANE 


ftjur*  1,  $nt«tlil»  bolonwd  between  cantriiussl  and  arsvirat tonal 
<orc*t. 


THE  FORCES 

To  best  explain  the  mechanism  which  produces  the 
stabilizing  torque,  we  should  return  to  the  basic  concept  of 
circular  orbits.  That  is,  the  satellite  is  precisely  balanced 
between  centrifugal  and  gravitational  forces,  as  in  Figure  I. 


*  Local  vculral-a  line  from  a  point  In  spice  to  the  center  of 
the  earth, 


The  centrifugal  forces  acting  on  mass  i  and  2 
have  equal  aims.  Therefore,  the  force  imbalance  generates  a 
clockwise  torque  in  this  view.  The  gravitational  force  on 
mass  2  is  less  than  on  mass  1,  and  lias  a  shorter  arm.  The 
resulting  torque  will  also  be  clockwise.  Therefore,  both 
centrifugal  and  gravitational  forces  produce  a  restoring 
torque  to  mow  the  dumbbell  into  the  orbital  plane, 

TORQUE  GENERATION  IN  YAW 

For  visualization  of  the  yaw  torque,  imagine  that  our 
dumbbell  satellite  is  stabilized  along  the  local  vertical,  and 
that  another  mass  and  boom  combination  has  been  added 
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normal  to  the  first  boom.  The  angle  between  this  boom  and 
the  velocity  vector  is  Qy.  Note  timt  no  gravitational  torque 
exists  on  this  horizontal  boom.  The  centrifugal  forces  are 
equal  for  each  mass,  but  a  small  angle  exists  between  them. 
The  forces  can  be  considered  as  the  resultant  of  a  vertical 
anti  horizontal  component.  IT tc  vertical  components  exert 
no  torque,  but  the  horizontal  components  are  equal  and 
opposite,  resulting  in  a  couple  which  rotates  the  satellite  to 
align  the  second  boom  with  the  velocity  vector. 

DAMPING 

It  is  obvious  that  the  torques  generated  Ivy  the 
imbalance  of  the  centrifugal  and  gravitational  forces  depend 
on  the  angle  by  which  the  boom  is  offset  from  the  local 
vertical  and  the  velocity  vector.  If  no  damping  is  present, 
the  satellite  would  oscillate  like  a  perfect  pendulum  from 
its  original  offset  to  a  position  equally  offset  on  the  other 
side  of  the  reference  tine.  Therefore,  for  true  stabilization, 
some  sort  of  damping  mechanism  is  essential  to  the  gravity 
stabilization  of  a  satellite. 

RELATIVE  SIZES  OF  TOE  TORQUES 

From  the  above  analysis,  it  is  apparent  that  the 
strongest  torque  is  in  roll,  where  botli  gravitational  and 
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centrifugal  forces  contribute  to  the  restoring  torque.  Tho 
second  strongest  would  be  in  pitch  where  gravity  alone 
generates  the  torque.  The  weakest  is  in  yaw,  where  only  a 
small  component  of  the  centrifugal  force  is  contributing  to 
the  torque. 

The  equations  for  the  torques  produced  bear  out  this 
relationship.  Ignoring  second-order  effects  (which  a<o 
usually  considered),  the  equations  are: 


TroII  ~  d/2  (Ipiicl,  •  l  Yaw)  W»  sill  20 

Tpiteh  15  3/2  (I  Roll  *  1  Yaw)  to*  sin  SOpitoi, 

Tyow  =  1/2  (Ipiccti  •  1  noli)  Wo  sin  2t)yaw 

where  I  is  the  satellite  moment  of  inertia  about  tho 
respective  axis,  w0  is  the  satellite's  orbital  angular  velocity, 
and  O  is  the  angular  offset  from  the  desired  position.  These 
equations  were  first  derived  by  Lagrange  some  200  years 
ago  during  his  work  on  iibrations  of  the  moon. 

Examination  of  the  equations  shows  that  a  satellite  in 
circular  orbit  with  dissimilar  moments  of  inertia  will 
eventually  be  stabilized  with  its  minimum  moment  of 
inertia  (yaw)  aligned  with  the  local  vertical,  and  its 
maximum  moment  of  inertia  aligned  with  its  instantaneous 
velocity  vector. 

As  can  be  imagined,  these  torques  are  exceptionally 
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am!!.  For  example,  on  OV1-I7,  if  the  vehicle  is  displaced 
to  5  off  the  desired  ynw  direction,  the  restoring  torque  is 
only  0.0000022  foot-pound.  However,  in  the  weightless 
environment  of  circular  orbit,  the  disturbances  are  also 
quite  small,  and  this  seemingly  infinitesimal  torque  is 
sufficient.  1 

SUMMARY 

Gravity-stabilized  satellites  nre  possible  because  of 
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small  differences  in  the  delicate  balance  between  gravita- 
tional  and  centriltigal  forces  in  a  circular  orbit,  if  a  satellite 

'  eS,p'0(l  ,0  uw  lhe  lord"«  generated  by  these 
slight  differences,  an  earth-oriented  satellite  can  be  manu¬ 
factured  that  will  require  no  continuous  power  for  its 
stabilization,  1 
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Since  the  early  1950s,  the  Air 
Force  has  been  very  interested  in  the 
development  of  semiconductor  com¬ 
ponents  that  will  operate  effectively  at 
higher  temperatures  than  available  de¬ 
vices,  Examples  of  Air  Force-spon- 
sored  programs  to  extend  the  high- 
fentporittim;  limit  of  semiconductor 
devices  are  those  that  led  to  the 
development  of  silicon  transistors 
which  operate  «t  temperatures  up  to  a 
limit  oi  200  C,  those  programs  to 
develop  gallium-arsenide  transistors, 
arm  hiose  to  develop  components  of 
silicon  carbide. 

In  response  to  this  continuing 
need,  the  Air  Force  Office  of  Scien¬ 


tific  Research  is  sponsoring  basic  re¬ 
search  by  Professor  R.  If.  Rcdiker  at 
M.l.].  on  the  conduction  mechanisms 
ami  technology  of  singlc-crvstal  stan¬ 
nic  oxide,  Sn03.  Since  Snoj  is  physi- 
caliy  and  chemically  stable  at  elevated 
temperatures,  and  is  a  wido-bandgap 
semiconductor  with  a  bandgap  of  3,7 
electron  volts,  it  seems  suitable  lor 
semiconductor  components  which 
could  operate  at  temperatures  up  to 
S00°C. 

While  single  crystals  of  SnO-  Inwe 
previously  been  obtained  in  the  labora¬ 
tory  by  several  different  tech¬ 
niques,  (I -6)  tiie  vapor-phase  growth 
technique,  which  is  described  below,  is 


more 'Comparable  to  that  used  by 
Sclutfier  (7)  to  grow  AljQj  in  that  no 
carrier  gases  are  used  ami  all  reactions 
and  growths  occur  at  tow  pressure, 
lire  crystals  are  grown  horn  the  vapor 
at  1250  C  and  at  10  torr  pressure 
using  the  reaction 

SnCh  '  2f t-03  -+  SnO,  +  <1  MCI 

lhe  stannic  chloride  (SnCi.,)  is  ob¬ 
tained  from  the  reaction  of  tin  nm| 
chlorine  gas  at  100°C  ami  it)  torr 
pressure 

Sn  +  2Cl3  ■+  o'nClj  . 

Tlte  resistivity  of  the  tin-oxide  senn¬ 


it 


Figure  1.  Smrnieoxkiti  crystal-crowing 
lystom.  Tho  drawing  U  not  to  Mate:  the 


actual  mulllte  tuba  is  00  an  tons,  6  cm  i.d. 


Fhntro  2.  Steonic-oxida  crystals:  (top) 
of  s  crystal  Hlintratln^  growth 
habit;  amt  (bottom)  photograph  of  two 
typical  crystals. 


conductor  u  controlled  by  adding  se¬ 
lected  iinpuriics  suclt  as  antimony  to 
tho  tin  charge, 

The  crystal  ‘growing  apparatus  is 
shown  In  Figure  1.  Note  that  by 
adjusting  the  relative  amount  of  chlo¬ 
rine  How  tluough  the  “pure"  reactor, 
which  contains  only  tin.  ant)  iltrough 
the  doping  reactor,  the  resistivity  of 
the  tin  oxide  gtown  can  be  predeter¬ 
mined;  also,  by  varying  tills  relative 
amount  during  a  run,  a  desired  resistiv¬ 
ity  profile  can  be  obtained.  Tius  aud 
other  features  of  the  system  hnve  been 
described  more  thoroughly  in  a  recent 
publication  in  tire  Journal  of  the  Elec- 
trochmtcal  Society.  (8) 

A  photograph  of  two  typical 
crystals  that  have  been  grown  is  shown 
in  Figure  2.  Spectrochcmical  analyses 
of  suclt  crystals  indicate  Unit  they  are 
purer  titan  any  previously  reported. 
Electrical  measurements  have  yielded  a 
value  for  the  Hall  mobility  nt  7?°K  of 
1200  enr/volt  sec,  which  is  higher 
than  any  previously  reported  and  is 
consistent  with  the  Itlglter  purity.  The 
electrical  properties  of  a  crystal  doped 
with  antimony  to  a  room-temporature 
resistivity  of  0.1  ohm-cm  n<typa  are 
shown  as  n  function  of  temperature  in 
Figure  3.  Plotted  are  the  Hall  mobility 
V,  the  resistivity  p,  and  the  conduction 
electron  concentration  n  determined 
from  the  equation,  n  u  l/epp,  where  e 
is  the  electronic  charge.  The  electrical 
characteristics  m  figure  3  indicate  that 
single-crystal  SnO*  should  bo  usable  hi 
semiconductor  components  which 
operate  at  temperatures  of  SOO'T;  but 
much  more  basic  research  on  the 
conduction  mechanism  and  tech¬ 
nology  arc  still  required  before  practi¬ 
cal  SnOj  high-temperature  com¬ 
ponents  can  be  built. 
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l  ot  several  >  ears  Professor  Angelo  Mielc  of  Rue 
University,  under  a  grant  from  (he  Applied  Mathematics 
Division,  AFQSR,  has  been  conducting  research  on  aero, 
dynamic  configurations  optimum  for  flight  in  the  supc- 
some,  hypersonic,  and  free-molecular  How  regimes,  The 
methods  ol  lire  calculus  of  variations  m  one  or  two 
independent  variables  have  been  employed  in  otdet  to 
determine  configurations  having  minimum  drag,  minimum 
ballislic  factoi .  oi  maximum  litttodr.ig  niiio. 

During  these  research  activities,  Professor  Mielc  identi¬ 
fied  a  need  for  eoncentrnted  research  to  develop  new  and 
improved  mutter  real  techniques  applicable  lo  problems 
arising  in  aerospace  applications,  such  ar,  optimal  flight 
trajectories  and  opium!  aerodynamic  shapes.  Typical  atcas 
of  mathematical  investigation  include  fitst*vanation 
methods,  second-variation  methods,  and  two-point 
buuodaiy 'Value  puibfmts.  In  two  recent  reports.  Professor 
Mielc  discloses  'ignifUnni  accomplishments  related  to  |i>« 
tesioratioti  oi  con  si  i  aims  in  holonontic  problems,  ond  to 
gradient  methods  in  mathematical  programming.  (1,2) 

In  problems  described  by  holonontic  equations  (equa¬ 
tions  which  may  be  algebraic  or  transcendental),  a  nominal 
stale  approximating  a  solution  (but  not  satisfying  all  the 
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equations  exactly)  may  'ie  available.  Starting  from  the 
nominal  state,  one  may  wish  to  determine  a  varied  state, 
close  to  (lie  nominal  state  and  satisfying  all  the  equations 
more  exactly.  This  situation  arises  in  some  of  the  iterative 
algorithms  for  minimizing  functions  of  variables  subject  to 
hobnomic  constraints,  namely,  first-variation  and  second- 
variation  met  bods. 

Professor  Miele  has  developed  a  systematic  procedure 
to  change  the  state  in  an  optimal  way:  this  is  the 
requirement  that  the  constraints  be  restored  with  the 
least-square  change  of  the  coordinates.  A  resulting 
algorithm  has  been  applied  to  several  numerical  examples 
based  on  systems  described  by  p  algebraic  or  transcendental 
equations  involving  n  variables,  with  n  gteater  than  p.  It  is 
assumed  that  a  nominal  state,  not  satisfying  all  the 
equations,  is  given.  Using  a  Burroughs  B-5500  computer 
and  double  precision  arithmetic,  an  iterative  procedure  is 
applied  leading  to  a  varied  state  satisfying  all  of  the 
equations  to  a  desired  degree  of  accuracy  based  upon  a 
preestablished  performance  index. 

While  considering  the  problem  of  minimizing  a  scalar 
function  f(x)  of  an  n-vector,  x,  Professor  Miele  reviewed  the 
ordinary  gradient  algorithm  and  the  Fietcher-Reeves 
algorithm  Compared  with  the  ordinary  gradient  method, 
the  Fietcher-Reeves  algorithm  has  the  advantage  of  high 
speed  since  it  produces  quadratic  convergence.  Compared 
with  other  conjugate  gradient  methods  (such  as  the 
Davidon  Variable-metric  algorithm),  it  has  the  advantage  of 
simplicity  of  concept  and  small  storage  requirement  wliile 
yielding  comparable  computing  time.  A  new  accelerated 
gradient  method,  the  memory  gradient  method,  for  finding 
the  minimum  of  a  function  f(x)  whose  variables  arc 
unconstrained  has  recently  been  reported  by  Professor 
Mietc.  The  new  algorithm  can  be  stated  as  follows: 


=  x  +  6x, 


:-ag(x)F0$x' 


where  Sx  is  the  change  in  the  position  vector  x,g(x)  is  the 
gradient  of  the  function  f(x),  and  a  and  (i  are  scalars  chosen 
at  each  step  so  as  to  yield  the  greatest  decrease  in  the 
function.  Tite  symbol  fix'  denotes  the  change  in  the 
position  vector  for  the  iteration  proceeding  that  under 
consideration. 


This  algorithm,  for  a  quadratic  function,  reduces  to  tite 
Fietcher-Reeves  algorithm;  thus,  quadratic  convergence  is 
assured.  However,  for  a  uonquadratic  function,  initial 
convergence  of  this  method  is  faster  than  that  of  the 
Fietcher-Reeves  method  because  of  the  extra  degree  of 
freedom  available.  A  two-dimensional  search  is  required  at 
each  iteration  as  opposed  to  the  one-dimensional  search  of 
the  Fietcher-Reeves  algorithm  because  of  iitis  added  degree 
of  ftecdom;  however,  for  a  test  problem,  the  number  of 
iterations  was  about  40-50%  that  of  the  Fietcher-Reeves 
method,  and  the  computing  time  about  60-75%  that  of  the 
Fietcher-Reeves  method,  using  comparable  search  tech¬ 
niques. 

A  continued  investigation  combining  the  memory 
gradient  and  restoration  of  constraints  techniques  has  been 
conducted  by  Professor  Miele.  The  preliminary  results 
should  be  available  in  report  form  in  the  near  future. 
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MEASUREMENT  OF  UPPER-AIR  POLLUTION 

OPTICAL  PHYSICS  LABORATORY,  AFCRL 


Ait  pollution  is  worsening.  So 
everybody  says.  But  is  it?  And  if  it  is, 
at  what  rtte?  Have  increased  pollu¬ 
tants  from  automobile  exhausts 
merely  balanced  the  amount  of  pollu¬ 
tants  generated  a  half  century  ago  by 
the  wood  and  soft  coal  heating  of 
individual  homes? 

All  litis  is  by  way  of  saying  that 
we  really  don’t  have  any  way  of 
gauging  long-term  trends.  In  tltis  con¬ 


nection,  the  concentrations  of  pollu- 
tants-or  aerosols— found  at  altitudes 
between  about  7  and  35  km  may 
prove  instructive.  Aerosols  at  these 
altitudes  have  less  day-to-day  varia¬ 
bility  and  may  provide  a  better  way  of 
measuring  long-term  trends  than  meas¬ 
urements  of  air  poiiuianis  nearer  tite 
surface.  (In  addition  to  man’s  conti  u- 
tions  to  upper-air  pollutants,  aerosols 
in  (lie  upper  atmosphere  have  come 


from  a  variety  of  other  sources— 
volcanic  eruptions,  meteoric  dust,  and 
dust  from  the  tropics  carried  aloft  by 
convective  currents.)  The  Air  Force  is 
not  interested  in  ait  pollution  as  such, 
but  is  interested  in  the  extent  to  which 
pollutants  mask  the  data  obtained 
from  IR  and  visual  sensors  aboard 
aircraft  and  satellites.  It  is  this  prob¬ 
lem  that  gives  rise  to  AFCRL’s  interest 
in  the  field. 
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In  recent  years,  a  number  of 
researchers  concerned  with  atmos¬ 
pheric  aerosols  have  begun  to  use 
lasers  to  probe  the  atmosphere  for 
aerosol  concentrations  at  various  alti¬ 
tudes.  With  this  technique,  a  laser 
beam  is  projected  upward  and  meas¬ 
urements  are  made  of  the  amount  of 
light  scattered  by  aerosols  and  mole¬ 
cules  at  given  altitudes.  Most  of  the 
researchers  entering  tltis  new  field  have 
evolved  their  own  measurement  proce¬ 
dures  independently.  Lack  of  uni¬ 
formity  in  measurement  procedures 
makes  it  difficult  to  correlate  the 
results  obtained  by  different  observers. 

At  the  Second  Conference  on 
Laser  Atmospheric  Probing  held  last 
April  15-16  at  the  Brookhaven 
National  Laboratories,  Louis  Elterman 
of  AFCRL,  a  pioneer  in  the  measure¬ 
ment  of  aerosol  concentrations  by 
light-scattering  techniques,  reviewed 
six.  areas  where  standardization  is  im¬ 
portant.  He  lias  suggested  that  the 
establishment  of  uniform  standards 
can  he  based  on  the  following  six 
considerations: 

1.  Atmospheric  conditions  vary, 
causing  variations  in  the  optical  trans¬ 
mission  of  the  laser  path.  This  can 


affect  the  results  of  measurements. 
Researchers  to  date  have  ignored  tiie 
problem  or  have  assumed  the  transmis¬ 
sion  of  the  path  to  be  constant. 
Elterman  suggests  that  it  should  be 
treated  as  a  variable. 

2.  The  choice  by  researchers  of  a 
normalizing  altitude  to  be  used  for 
calibration  appears  in  many  instances 
to  be  arbitrary.  The  choice  should  be 
based  on  the  best  current  knowledge 
of  the  distribution  of  atmospheric 
constituents.  Tlte  same  normalizing 
altitude  should  be  used  by  those  with 
the  same  or  similar  measurement 
objectives. 

3.  Altitude  resolution  is  a  prob¬ 
lem  in  probing  the  atmosphere  because 
laser  probers  use  considerably  differing 
altitude  intervals  from  wliich  the  laser 
pulse  return  is  measured.  Comparison 
of  results  among  laser  probers  can  be 
more  meaningful  if  some  standards  for 
altitude  resolution  are  established. 

4.  and  5.  Elterman  treats  molec¬ 
ular  measurements  and  aerosol  meas¬ 
urements  as  separate  entities;  but  his 
recommendations  in  these  areas  are 
combined  here.  Contained  in  the  total 


scattering  response,  we  have  scattering 
from  both  atmospheric  molecules  and 
from  aerosols.  Not  only  is  it  desirable 
to  separate  the  relative  amounts  of 
scattering  from  each,  but  one  would 
also  like  to  know  the  absolute  values 
of  aerosol  parameters  and  molecular 
number  density.  This  can  bo  done  with 
proper  mathematical  treatment;  but 
there  must  be  a  uniform  set  of  assump¬ 
tions  and  mathematical  approaches. 

6.  Eltermau’s  last  recommenda¬ 
tion  for  standardization  concerns  sta¬ 
tistical  treatment.  Because  the  de¬ 
tected  product  of  laser  probing  is  a 
photon  count,  this  gives  (he  overall 
problem  a  distinct  statistical  character. 
The  use  of  statistical  parameters  such 
as  standard  deviation,  probable  error, 
and  so  on  should  be  an  essential  part 
of  standards  for  laser  probing. 

If  uniform  measurement  standards 
are  set  along  the  line  of  Elterman’s  six 
recommendations,  then-we  can  begirt 
to  collect  a  consistent  body  of  data 
from  many  laser  probers  which,  with 
time,  will  permit  us  to  establish  trends 
and  to  monitor  long-term  increases  or 
decreases  in  upper-atmospheric  pollu¬ 
tants. 


OBSERVATIONS  OF  IONOSPHERIC  MOVEMENTS  BY  THE  USE  OF 


A  LARGE  AERIAL  ARRAY* 

DR,  B,  H,  BRIGGS,  Department  of  Physics 
University  of  Adelaide,  South  Australia 

The  ionosphere  does  not  beiiave  like  a  smooth  mirror 
for  radio  waves,  but  move  like  an  irregular  diffracting 
screen.  When  a  radio  wave  is  reflected  from  it,  a  random 
diffraction  pattern  is  formed  over  the  ground.  Simple 
arguments  can  be  used  to  show  that  this  pattern  will  move 
over  the  ground  with  a  velocity  which  is  twice  the 
horizontal  velocity  of  the  ionosphere .( I )  This  phenomenon 
can  be  used  for  the  detection  of  movements  taking  place  in 
the  ionosphere. 

In  the  past,  observations  of  the  moving  patient  have 
been  made  by  the  use  of  a  small  number  of  spaced  radio 
aerials  (usually  three).  The  records  obtained  from  such 
experiments  are  subjected  to  a  complicated  statistical 
analysis  in  order  to  derive  the  best  estimate  of  the  velocity 

*Th:s  article  has  been  adopted  from  a  paper  which  originally 
appeared  in  the  Proceedings  of  the  Astronomical  Society  of 
Australia,  Volume  1,  A to.  4  (December  7968),  I50*i5h 


of  the  pattern.(2)  The  statistical  theories  make  certain 
assumptions  about  the  nature  of  the  movements,  wliich  are 
difficult  to  test.  There  has  therefore  been  some  uncertainty 
and  controversy  about  wiiat  is  realty  being  measured  in 
experiments  of  tltis  type.  In  particular,  it  has  been 
suggested  that  the  movements  may  not  be  a  bodily  motion 
of  the  ionization,  but  rather  some  kind  of  wave  wliich 
propagates  through  the  ionosphere.(3) 

In  order  to  obtain  more  complete  Information  about 
the  nature  of  the  movements,  a  new  method  of  observation 
has  been  developed  recently  at  the  Buckland  Park  field 
station  of  the  University  of  Adelaide.  (Figure  1  illustrates 
the  principle.)  In  this  method,  the  radio  diffraction  pattern 
is  sampled  at  89  points,  and  converted  into  a  visible 
pattern.  The  sampling  is  acltieved  by  the  use  of  an  array  of 
89  radio  aerials  arranged  as  in  Figure  2.  Each  aerial  is 
connected  by  an  underground  coaxial  cable  to  a  radio 
receiver  in  a  central  laboratory.  The  output  voltage  from 
each  receiver  (which  is  proportional  to  the  amplitude  of  a 
selected  ionospheric  echo)  controls  the  brightness  of  a  small 
lamp;  thus  the  89  lamps  arc  arranged  in  a  small  array  with 
the  same  configuration  as  the  aerials.  In  order  to  obtain  a 
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Figure  1.  This  diagram  illustrates  the  principle  of  the  method  used 
to  meeiune  the  horizontal  drift  velocity  of  the  ionosphere. 


smooth  pattern,  a  diffusing  screen  is  placed  in  front  of  tire 
array  of  lamps. 

Examples  of  the  patterns  obtained  in  this  way  arc 
shown  in  Figure  3.  These  are  successive  photographs  taken 
at  intervals  of  0.5s.  The  motion  of  the  pattern  from  one  to 
the  next  (“ft"  through  "h")  can  be  clearly  seen.  The  field  of 
vlow  represents  a  circle  on  the  ground  with  a  diamoter  of  1 
km.  In  order  to  study  the  movements  visually,  it  is 
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Figure  2.  Th«  atrangefnent  of  the  69  aerials  of  the  receiving  array 
and  tlie  aryciated  transmitting  aerials  are  shown  in  this  diagram. 


advantageous  to  speed  them  up  rather  than  observe  them  in 
“real  time.”  It  has  been  found  best  to  lake  successive 
photographs  at  intervals  of  0,25s,  and  then  to  project  tire 
resulting  If>  mm  film  at  tire  standard  rate  of  24  frames  per 
second.  The  movements  are  then  speeded  up  by  a  facior  of 
6. 

Preliminary  results  give  some  support  to  a  “wave" 
interpretation-at  any  rate  on  some  occasions.  Ripple-like 
“wavefronts”  are  seen  to  cross  tire  field  of  view  in  various 
directions,  though  with  a  preferred  direciion  of  movement 
on  any  one  occasion.  This  behavior  could  arise  from  a 
bodily  motion  of  the  medium  upon  which  there  was 
superimposed  a  system  of  waves  with  a  random  azimuthal 
distribution  of  wave-normal  directions. (3)  However,  further 
analysis  is  needed  before  any  firm  conclusions  can  be 
drawn. 

For  quantitative  analysis,  digital  recordings  of  the  data 
from  tire  89  channels  will  be  made  on  magnetic  tape,  it  will 
then  be  possible  to  evaluate  on  a  computer  tire 
two-dimensional  cross-correlation  function  between  the 
patterns  existing  at  two  chosen  instants  of  time.  This 
function  should  have  a  maximum  value  at  a  point  which 
represents  the  vectorial  displacement  of  the  pattern  in  the 
given  time  interval  and,  from  tills  displacement,  the  pattern 
velocity  can  be  deduced,  it  can  be  shown  that  this  method 
avoids  some  of  the  arbitrary  assumptions  which  were 
inherent  in  the  earlier  methods  of  correlation  analysis, 
when  applied  to  records  from  three  nerinls.(4)  Also,  more 
rapid  variations  of  velocity  can  bo  studied. 

Tire  aerial  array  will  also  be  used  for  other  experiments 
in  ionosphere  and  meteor  physics,  and  for  low-frequency 
radio  astronomy .(5) 

The  project  is  supported  by  the  General  Physics 
Division  of  the  Air  Force  Office  of  Scientific  Research 
(OAR)  under  AFOSR  Grant  No.  864-67,  the  Australian 
Research  Grants  Committee,  the  Radio  Research  Board, 
and  the  University  of  Adelaide. 


Dr.  B.  H.  Briggs  (right)  and  Dr,  W.  0.  Elford  (left!,  with  a 
model  of  tire  aerial  array.  Dr.  Elford  it  well  known  for  hit  work  on 
th«  radio  obtorvation  of  meteor  trails,  end  it  interested  in  theme  of 
the  array  to  extend  this  work  to  lower  redio  frequencies. 
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As  technology  advances  along 
some  "front,"  a  level  of  sophistication 
is  encountered  which  requites  con¬ 
sideration  of  stochastic  phenomena  for 
refined  analysis.  In  modern  com¬ 
munication  and  control  systems,  the 
use  of  many  tecluiiques  for  statistical 
inference  is  now  classical,  with  the 
major  classifications  for  such  tech¬ 
niques  being  decision  theory  and 
estimation  tiieory.  The  general  prob¬ 
lem  in  decision  theory  is  to  perform  an 
observation  having  a  stochastic  nature 
and  to  decide  among  the  possible 
causes  which  produced  it,  while  the 
estimation  problem  consists  of  deter¬ 
mining  values  for  parameters  or 
processes  of  interest  which  arc  ob¬ 
served  only  remotely.  { 1 ) 

It  is  usually  possible  to  formulate 
a  problem  of  statistical  inference  in 
communication  or  control  as  consist¬ 
ing  of  an  observed  process  which  is  the 
sum  of  a  signal  process  and  a  noise 
process,  A  comprehensive  list  of  the 
important  problems  in  estimation  and 
detection  which  arise  in  modern  sys¬ 
tems  employed  by  the  Air  Force 
would  be  too  extensive  to  give  here. 
They  would  include,  however,  die  con¬ 
ventional  communication  and  radar 
systems  which  are  limited  in  power 
such  that  the  received  signal-to-noise 
ratio  is  unacceptable,  and  the  guidance 
and  control  systems  with  accuracy 
limitations  in  basic  components,  In  the 
mote  familiar  problems,  the  signal  is  a 
known  waveform  (as  in  digital, 
synchronous  communication  systems), 
or  else  the  signal  is  described  by  a  few 
unknown  parameters  (as  in  some  non- 
synchronous  conMnunlcatlon,  radsr, 
sonar*  and  inertial  systems).  However* 
the  more  complex  situation,  in  which 
the  signal  process  itself  is  stochastic  in 
nature,  lias  more  recently  become  of 
interest. 

Communication  systems  now 
employ  media  such  as  troposcatter 
meteor  trails  or  auroral  and  orbital 
chaff  belts— randomly  varying 
channels — which  give  rise  to  the  recep¬ 
tion  of  a  stochastic  signal.  For  pur¬ 
poses  of  secure  communication,  a  mes¬ 
sage  may  be  encoded  by  random 
processes,  hence  generating  a  sto¬ 
chastic  signal  detection  problem  for 
the  receiver.  In  radar  and  sonar  sys¬ 
tems  used  against  dispersive  targets, 
the  stochastic  signal-detection  problem 
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again  arises  in  processing  returns. 
Radio  telescopes  and  seismic  detection 
systems  utilize  detectors  for  noisc-like 
sources.  Guidance  and  control  sys¬ 
tems,  which  are  subject  to  time- 
varying  disturbances,  require  an  es¬ 
timation  of  nonstationary  stochastic 
processes  to  perform  effectively  in  the 
disturbed  environment.  In  estimation 
problems  for  control,  the  stochastic 
signal  process  is  usually  the  plant 
output  itself.  Pattern  recognition  may 
also  be  formulated  in  terms  of  sto¬ 
chastic  signal  estimation  by  viewing 
the  signal  as  the  statistics  of  a  data 
subclass. 

As  in  all  engineering  which  seeks  a 
numerical  answer  to  a  pltysicai  prob¬ 
lem,  it  is  necessary  to  express  a  prob¬ 
lem  in  terms  of  a  mathematical  formu- 
is:  ion  to  which  an  effective 
mathematical  tiieory'  can  be  applied  to 
yield  the  desired  numerical  solution.  It 
is  not  suggested  that,  in  every  case 
mentioned  above,  a  mathematical  for¬ 
mulation  is  known  such  that  tin  exist¬ 
ing  theory  is  effective;  but  what  is 
known  is  that  a  iarge  class  of  such 
problems  yields  a  formulation  in 
which  tltc  signal  and  noise  stochastic 
processes  have  known  covariance  func¬ 
tions  in  separable  form.  Tire  separable 
torni  for  a  covariance  function  R(t,s) 
consists  of  a  finite  linear  combination 
of  terms  of  the  form 

a(t)b(s),  sgt;  b(t)a(s),  t<s 
where  the  functions  a(-),  b(’)  arc  de¬ 


pendent  on  only  a  single  time  variable. 
That  sucli  a  covariance  function  is 
known  includes  the  possibility  that 
sufficient  data  is  available  to  accu¬ 
rately  determine  the  separable  form  by 
empirical  methods. 

The  research  conducted  by  the 
author  at  the  Aerospace  Mechanics 
Division,  FJSRL,  has  determined 
mathematical  techniques  which  are  ef¬ 
fective  in  solving  botli  estimation  and 
detection  problems  in  terms  of  a  for¬ 
mulation  with  separable  covar¬ 
iances.  (2,3)  This  research  lias  enlarged 
the  body  of  mathematical  theory  ap¬ 
plicable  to  estimation  and  detection 
by  allowing  a  lass  detailed  problem 
formulation  and  by  giving  more  ef¬ 
fective  digital  computational  methods 
for  solutions.  Also,  the  research  has 
shown  more  clearly  that  tiie  under¬ 
structure  for  problems  in  estimation 
and  detection  is  common  to  both,  and 
consists  of  modeling  an  observed 
stochastic  process  as  the  output  of  a 
causal  linear  filter,  driven  by  white 
noise,  which  is  invertible  on  an  arbi¬ 
trary,  finite-time  interval.  The  signif¬ 
icance  of  invertibiiity  in  such  a  model 
for  an  observed  process  is  that  the 
observation  may  then  be  easily 
“whitened,”  and  the  solutions  for  es¬ 
timation  and  detection  obtained  by 
solving  the  simpler  problem  based  on 
white-noise  observations.  "Whitening 
filter”  tecluiiques  have  been  used  pre¬ 
viously,  with  large  success,  in  engineer¬ 
ing;  this  research  has  extended  their 
utility  to  a  broader  problem  formula¬ 
tion. 

The  modern  Kalman-Bucy  theory 
for  estimation  of  nonstationary, 
Gauss-Markov  processes  lias  received 
widespread  utilization.  Titis  theory  is 
based  on  a  problem  formulation  which 
includes  a  complete  model  for  the 
signal  process  in  tlte  form  of  a  finite 
dimensional  linear  system.  But  the 
problem  of  determining  such  a  dynam¬ 
ical  model  front  statistical  information 
about  the  process  has  only  recently 
been  effectively  solved;  and  it  is  the 
separable  form  for  the  covariance 
function  which  yields  a  process  model 
to  which  the  Kalman-Bucy  theory-  is 
applicable.  However,  the  research  re* 
ported  here  has  shown  that,  for  a 
design  based  on  the  covariance  func¬ 
tion  as  data,  the  computational  effort 
for  solution  to  estimation  problems 


can  bo  minimized  by  achieving  in- 
vertibiiity  in  modeling  and  by  using 
whitening  filter  techniques. 

Although  studies  basic  to  detec¬ 
tion  theory  preceded  the  groundwork 
for  modern  estimation  theory  by  half 
a  century,  the  solutions  available  n 
detection  theory'  have  remained  dif¬ 
ficult  to  implement  in  practical  situa¬ 
tions  because  analysis  has  been  con¬ 
centrated  on  integral  equation 
formulations.  But  the  solution  for 
detection  can  be  given,  quite  simply, 
by  use  of  the  whitening  filter  which 
results  from  an  invertible  model  of  the 
observations.  So,  as  in  the  estimation 
problem,  the  key  (o  solution  is  the 


appropriate  model  for  the  observation 
process,  and  the  whitening  filler  tech¬ 
niques  show  that  the  essential  aspect 
of  solutions  for  both  estimation  and 
detection  is  the  common  modeling 
problem. 

The  desired  invertible  model  and 
tire  resulting  solutions  for  estima¬ 
tion  and  detection  are  obtained  by  ail 
effective  digital  computational  scheme 
for  problems  having  the  formulation  in 
terms  of  separable  covariances.  This 
research  lias  shown  that  a  matrix 
differential  equation  of  the  Riccati 
type  may  be  associated  with  the  sep¬ 
arable  covariance  to  determine  the 
invertible  model.  Tlte  initial  value 


matrix  Riccati  equation,  although  non¬ 
linear,  has  been  extensively  studied  hi 
estimation  and  control,  and  its  famil¬ 
iarity  makes  this  approacii  effective. 
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At  the  Georgia  Institute  of  Tc  !'- 
nology,  Professors  Carl  W.  McDaniel 
and  David  W.  Martin  have  developed  a 
unique  drift  tube  mass-spectrometer 
apparatus (t)  which  is  being  used  to 
study  the  drift  velocities,  diffusion, 
and  reactions  of  ions  in  gases  in 
low-to-modcrate  electric  fields.  This 
apparatus  produces  a  high-resolution- 
time  profile  of  the  swarm  of  each 
distinct  ion  species  present,  as  a  func¬ 
tion  of  the  distance  from  the  ion 
source.  The  pattern  of  ion-moiccule 
reactions  taking  place  is  elucidated  by 
comparison  of  the  profiles  for  the 
species  present  at  various  gas  pressures 
and  drift  distances. 

Primary  ions,  which  are  produced 
directly  in  the  ion  source,  are  identi¬ 
fied  by  their  characteristic  profile 
shapes;  and,  from  the  details  of  the 
shape,  it  can  be  determined  whether 
tire  perturbing  effects  of  any  reactions 
are  sufficiently  small  to  permit  a  true 
drift  velocity  to  be  measured.  For 
primary  ions,  techniques  have  already 
been  developed  to  determine  the  longi¬ 
tudinal  diffusion  coefficient  from  the 
profile  widths.  Both  the  transverse 
diffusion  coefficient  and  the  rates  of 
reactions  which  deplete  the  primary 
species  can  be  found  from  the  attenua¬ 
tion  of  the  swarm  with  increasing  drift 
distance. 


OF  IONS  IN  GASES 


For  secondary  species,  true  drift 
velocities  can  also  be  obtained  when 
certain  criteria,  involving  the  details  of 
the  profile  shapes,  are  met.  A!)  deter¬ 
minations  are  made  over  ranges  of 
E/N,  the  ratio  of  electric-field  strength 
to  gas  number  density,  which  generally 
extend  from  small  values,  where  the 
ions  arc  essentially  in  thermal  equilib¬ 
rium  with  the  gas,  to  values  where  the 
departure  from  equilibrium  is  consid¬ 
erable. 

In  addition  to  quantitative  deter¬ 
minations  of  basic  transport  coeffi¬ 
cients,  the  method  has  the  important 
effect  of  permitting  the  identification 
of  Ion  species  present  and  the  elucida¬ 
tion  of  the  ion-molecule  reaction 
patterns  which  prevail  in  various 
weakly  ionized  gases. 

Tiie  quantitative  determinations 
are  of  basic  interest  because  compari¬ 
sons  of  experimental  values  with  theo¬ 
retical  calculations  provide  tests  of 
postulated  ion-molecule  interaction 
potentials  at  separation  distances 
greater  than  those  which  can  be  tested 
by  the  results  of  beam  experiments.  A 
knowledge  of  the  way  in  which  trans¬ 
port  coefficients  change  with  F./N  is 
particularly  useful  in  this  regard.  The 
coefficients  enter  also  into  basic  calcu¬ 
lations  such  as  the  rate  of  dispersion  of 
ions  by  mutual  repulsion,  and  the  rate 
of  ion  recombination,  processes  which 
are  important  to  the  understanding  of 


phenomena  occurring  in  the  tippet 
atmosphere.  The  coefficients  are  of 
practical  importance  to  the  under¬ 
standing  of  devices  in  wluch  gas  dis¬ 
charges  occur,  and  to  the  solution  of 
communications  problems  related  to 
high-altitude  explosions,  rocket 
exhausts,  and  reentry  trail  ionization. 

Information  about  ion-moiecule 
reactions,  both  qualitative  and  quanti¬ 
tative,  is  particularly  important  for 
understanding  tire  propagation  charac¬ 
teristics  of  gaseous  media  such  a3  the 
upper  atmosphere  and  certain  regions 
of  space.  The  propagation  characteris¬ 
tics  are  dependent  on  tree-electron 
density  which,  in  turn,  is  dependent 
on  the  molecular  composition  of  the 
gaseous  medium.  The  rate  of  electron- 
ion  recombination  is  generally  several 
orders  of  magnitude  greater  for  molec¬ 
ular  ions  than  for  atomic  ions.  The 
nature  and  rates  of  ion-molecule  reac¬ 
tions  strongly  affect  the  abundance  of 
various  molecular-ion  species  and, 
therefore,  the  electromagnetic  propa- 
gatioti  characteristics. 

Tliis  research  is  supported  jointly 
by  the  Office  of  Naval  Research 
through  Project  SQUID  and  the  Gen¬ 
eral  Physics  Division  of  AFOSR, 
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Of  the  three  classical  states  of  matter-gases,  liquids 
and  sollds-tho  liquid  state  is  the  hardest  to  depict  on  3 
microscopic  or  molecular  scale.  While  an  ideal  gas  could  be 
depleted  as  an  assembly  of  molecules  with  a  perfectly 
random  distribution  in  space  as  well  ns  in  velocity  (as  long 
as  some  boundary  conditions  are  satisfied,  c.g.,  the  average 
energy  is  constant,  no  molecules  arc  allowed  outside  an 
enclosure  if  the  gas  is  confined  in  a  container,  etc.),  and 
while  an  ideal  solid  could  be  depicted  as  a  perfectly 
spatially  ordered  array  of  molecules,  a  liquid  is  depicted  as 
something  between  those  two. 

Methods  of  statistical  physics  based  on  the  concept  of 
random  distribution,  with  intermolecular  forces  added  ns  a 
perturbation,  are  highly  successful  in  the  treatment  of  real 
gases.  Theoretical  methods  of  solid-state  physics,  based  on 
the  idea  of  an  ordered  molecular  state,  with  some  imper¬ 
fections  due  to  thermal,  zero-point,  and  other  excitations 
added  as  perturbation,  are  similarly  successful  in  treating 
solids.  Liquids  are  treated  alternately  as  partially  ordered 
gases  or  as  veiy  rare  and  disordered  solids.  ( 1)  In  the  latter 
case,  the  liquid  is  considered  as  a  solid  with  vacancies  whose 
size  is  of  the  order  of  molecular  volume,  and  the  fraction  of 
vacancies  per  mole  can  be  defined  as  (V  •  Vs)/V  where  V 
and  Vj  are  the  molar  volumes  of  the  liquid  and  solid, 
respectively,  taken  at  the  melting  point. 

The  true  molecular  picture  is  undoubtedly  somewhere 
between  the  two  extremes,  with  the  proximity  to  either 
dependent  on  the  temperature.  According  <o  Ricc,(  1 )  at 
temperatures  above  but  near  the  melting  temperature,  the 
long-range  order  inherent  in  a  solid  is  destroyed;  but  the 
short-range  order,  on  the  scale  of  a  few  molecular  diam¬ 
eters,  still  persists.  At  higher  temperatures,  this  short-range 
order  is  gradually  eliminated  until,  at  the  boiling  point,  we 
have  a  mainly  disordered  array.  The  amouru  of  order  can  be 
described  by  a  correlation  function,  g(r),  which  describes 
the  relative  density  of  molecules  as  a  function  of  the 


distance  r.  it  is  here  assumed  that  g(r)  is  an  isotropic 
function,  independent  of  the  polar  angles  0  and  yj.  Once 
this  function  and  the  energy  of  interaction  between 
molecules  as  a  function  of  distance  are  known,  one  can 
calculate  macroscopic  properties  of  a  substance  which  can 
be  determined  experimentally.  It  is  very  hard  to  calculate 
g(r)  except  in  some  very  simple  cases.  It  can,  however,  be 
determined  from  X-ray  ditTradion  experiments  or  from 
measurements  of  macroscopic  quantities.  In  the  lalter 
determination,  g(r)  plays  the  role  of  an  adjustable  param¬ 
eter. 

Watei,  although  one  of  the  most  abundant  liquids  on 
this  planet,  is  also  one  of  the  least  typical  and  consequently 
hardest  to  understand,  To  begin  with,  the  specific  volume 
of  water  contracts  upon  melting  and  goes  through  a 
minimum  at  about  4°  C,  which  corresponds  to  a  density 
maximum.  Were  one  to  simply  calculate  the  fraction  of 
vacancies  in  the  liquid,  (V  •  Vs)/V,  a  negative  number  would 

result.  A  relaied  phenomenon  is  that,  in  Ice-water  mixtures 
at  the  melting  point,  the  fraction  of  the  solid  is  decreased 
witli  increasing  pressure,  while  in  most  substances  it 
increases. 

Among  other  atypical  properties  of  water  are  its  high 
specific  heat  and,  us  will  be  shown  later,  when  the  results 
of  our  sound  velocity  measurements  are  discussed,  its 
adiabatic  compressibility.  The  adiabatic  compressibility  is 
defined  as  the  fractional  change  of  the  density  upon 
application  of  pressure  at  constant  entropy.  In  thermo¬ 
dynamic  notation,  it  is -(~?)c  where  p ,  p,  and  S  are  the 
p  dp  b 

density,  pressure,  and  entropy,  respectively.  The  adiabatic 
compressibility  of  water  is  a  monotonically  decreasing 
function  of  temperature  from  0°  lo  about  74°  C.  where  it 
has  a  minimum  and  then  increases  to  infinity  at  the  critical 
point.  The  remarkable  fact  about  this  is  that  water  becomes 
stif'fer,  »r  more  resistant  to  compression,  as  temperature 
increases  (i.c.,  the  density  change  in  water  per  unit  change 
in  pressure  decreases  between  0s  and  74°  C).  Thus,  it  seems 
that  there  arc  more  vacancies  in  titc  solid,  ice,  into  which 
molecules  can  go,  when  pressure  is  applied  with  a  con¬ 
sequent  change  hi  density,  than  there  are  in  the  liquid.  In 
"normal"  liquids,  compressibility  increases  with  tempera¬ 
ture.  The  atypical  properties  of  water  mentioned  above, 
and  others,  have  to  be  explained  if  one  considers  the 
molecular  theory  of  water. 

Several  theories  of  the  molecular  structure  of  water 
have  been  advanced,  the  most  quoted  arc  those  of  Bernal 
and  Fowler, (2)  Euken,(3)  and  Pople.(4)  The  starting  point 
of  each  is  the  molecuie  itself,  which  can  be  described  as  a 
triangle  with  the  center  of  the  negatively  charged  oxygen 
ion  at  its  apex,  and  two  positively  charged  hydrogen  ions 
making  an  angle  of  109°  (the  actual  experimental  deter¬ 
mination  shows  105°).  The  water  molecule  will  thus  possess 
a  permanent  electric  dipole  moment,  with  the  negative 
charge  near  site  oxygen  and  the  positive  charges  near  the 
hydrogens;  consequently,  it  is  a  polar  molecule.  Because  the 
water  molecule  is  polar,  it  will  aittaet  other  polar  molecules 
and  therefore  becomes  the  good  solvent  tfiat  it  is.  Because 
it  is  a  pol3r  molecule,  it  wiil  attract  other  water  molecules, 
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thus  forming  aggregates  in  the  liquid.  In  such  un  aggregate, 
the  positively  charged  hydrogen  atom  of  one  molecule  will 
be  attracted  to  the  negatively  charged  oxygen  atom  of 
another  molecule,  tints  forming  a  hydrogen  bond. 

The  situation  becomes  somewhat  more  complicated  if 
wc  consider  that  the  hydrogen  atom  con  de  tach  itself  from 
on  oxygen  atom,  leaving  a  Itydtoxyl  molecule  behind  and 
forming  a  positively  charged  complex  with  other  watet 
molecules.  Experiments  si  tow  that  the  average  time  a 
hydrogen  atom  can  be  associated  with  a  particular  water 
molecule  in  the  liquid  is  of  the  order  of  10*' 3  second. 

If,  however,  wc  consider  the  water  molecule  as  a  stable 
entity,  wc  can  describe  the  liquid,  as  Bernal  and  Fowler(2) 
do,  as  a  mixture  of  2  aggregates.  One  is  on  aggregate  of  4 
molecules,  arranged  as  a  tetrahedron  where  the  hydrogen 
atom  of  one  always  points  at  the  oxygen  of  its  neighbor. 
This  structure  is  loosely  packed  and  has  a  molar  volume  of 
about  19.5  cc,  as  compared  to  closely  packed  single  water 
molecules  whose  molar  volume  can  be  calculated  to  be  6.6 
cc.  Another  denser  structure,  also  on  aggregate  of  4 
molecules  but  now  in  a  rhornbohedrnl  arrangement  with  a 
molar  volume  of  16.7  cc,  is  also  present.  The  fraction  of 
each  species  of  aggregate  in  water  is  a  function  of 
temperature.  The  density  maximum  at  4°  C  is  explained  by 
the  gradual  change  of  the  tetrahedral  structure  into  the 
rhombohcdral,  superimposed  on  the  thermal  expansion  of 
both  structures.  Thus,  a  process  which  Increases  the  density 
with  increasing  temperature,  superimposed  on  a  process 
which  decreases  the  density  with  temperature,  will  gen¬ 
erally  result  in  a  maximum  if  the  two  processes  are 
different  functions  of  temperature, 

The  two  aggregates  correspond  to  the  structures  of  ice 
I  and  ice  II,  respectively.  Recently,  Erlandcr(5)  suggested 
the  existence  of  a  different  species  of  water  formed  of 
rhornbohedrnl  aggregates  only,  with  different  physical 
properties  from  those  of  ordinary  water.  He  calls  (he  new 
species  stipenvaier. 

Euken(3)  suggests  that  lire  liquid  phase  of  water 
consists  of  four  kinds  of  aggregates  whose  concentrations 
vary  with  temperature.  The  four  kinds  are  single  molecules, 
HjO;  two  molecular.  (IS2()), ;  four  molecular, (SijO).*;  and 
eight  molecular,  (IIaO)8 -clusters  with  different  volumes 
per  molecule  and  different  energies  of  dissociation.  Those 
would  account  for  the  high  specific  heat  of  water. 

The  third  picture,  proposed  by  Poplc,(4)  agrees  with 
that  of  Bernal  and  Fowler  insofar  as  the  existence  of 
different  aggregates  is  acknowledged;  but  the  density 
behavior  is  not  explained  by  the  change  in  the  fractional 
composition  of  aggregates  with  temperature.  Instead,  the 
explanation  is  that  the  hydrogen  bonds  become  more 
flexible  with  temperature,  thus  allowing  the  aggregates  to 
interpenetrate.  This  explains  the  density  maximum  at  4°. 

The  supposition  common  to  the  first  two  theories,  dial 
of  Bernal  and  Fowler,  and  that  of  Eukcn,  is  that  the 
properties  of  water  can  be  explained  by  the  transformation 
of  aggregates  into  each  other  as  a  function  of  temperature. 
The  view  of  this  process,  given  above,  is  somewhat 
simplistic  since  it  assumed  tlut  the  aggregates  are  per¬ 
manent  structures.  In  reality,  the  aggregates  are  evanescent 
structures  which  constantly  form  and  break  up.  Any  one 
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molecule  Is  associated  with  any  one  aggregate  for  only  a 
very  short  time.  However,  a  certain  number  of  aggregates 
exist  at  any  Instant,  so  that  one  can  describe  water  as 
consisting  of  a  certain  number,  an  averego  number,  of 
aggregates, 

A  change  in  the  average  proportion  of  one  kind  of 
aggregate  as  a  function  of  temperature  might  show  up  at 
certain  temperatures  us  a  third-order  phase  transition. 

According  to  the  classification  of  phase  transitions,  tire 
N'th  order  transition  is  defined  such  that  a  discontinuity 
appears  in  the  N’th  order  derivative  of  the  Gibbs  free 
energy.  The  Gibbs  free  energy  is  defined  as 

G  «  V  ■  TS  +  PV 

where  U  is  the  internal  energy,  T  the  absolute  temperature, 
S  the  entropy,  P  the  pressure,  and  V  the  volume. 

dG  =  dU  -  TdS  ■  SdT  +  PdV  t  VdP  -  -5dT  +  VdP 

There  are  two  first  derivatives  of  G  with  respect  to  its 
natural  variables  P  and  T. 

#P=‘S  and  <§p)T“V, 

In  a  first-order  phase  transition,  examples  of  which  are  the 
solid-liquid  and  liquid-vapor  transhlon,  usually  both  S  end 
V  are  discontinuous.  There  are  three  second-order  deriva¬ 
tives  of  G 


where  Cp  is  the  specific  heat  at  constant  pressure, 

(|p)T  =  ’VkT  =  Pkt 

where  is  the  isothermal  compressibility,  and 

(ff>P  *  VcV 

where  is  the  thermal  expansion  coefficient  at  constant 
pressure. 

Discontinuities  in  any  of  the  second-order  derivatives 
define  a  second-order  phase  transition.  Examples  of  second- 
order  phase  transitions  are  the  transition  at  a  critical  point, 
tlie  superconducting  transition  at  zero  magnetic  field,  and 
the  superfluid  transition  in  liquid  helium.  A  cusp  or  kink  in 
any  of  the  second-order  derivatives  would  denote  a  discon¬ 
tinuity  in  a  third-order  derivative,  and  thus  indicate  a 
third-order  phase  transition. 

W.  Drost-Hansen(6)  made  a  survey  of  experimental 
data  on  water  and  claims  to  have  observed  such  kinks  in 
several  measured  properties  of  water,  among  them  the 
viscosity  and  dielectric  constant.  He  claims  that  these 
discontinuities  occur  at  approximately  15°,  30°,  45°,  and 


6(f  C.  O-tt  the  other  hand,  M.  Falk  and  G.  S.  Kdl(7)  have 
exnmln«d  data  on  the  physical  properties  of  water  where 
discontinuities  or  kwhs  wore  reported.  Among  the  prop* 
ertiej  examined  were  the  vibrational  spectrum,  compres¬ 
sibility,  suffice  tension,  viscosity,  and  others.  They  claim 
that  the  discontinuities  arc  spurious  and  within  tho  scatter 
of  the  data.  It  is  indeed  instructive  to  plot  some  quantities 
and  see  how  such  kinks  or  discontinuities  could  iiavo  been 
inferred. 

Figure  i  is  a  graph  of  the  temperature  derivative  of  the 
specific  heal,  obtained  front  the  specific  heat  data  given  in 
the  Chemical  Rubber  Company’s  Handbook  oj  Chemistry 
and  Vhysksii)  One  could  imagine  discontinuities  at  several 
temperatures;  however,  those  are  wltltin  the  precision  of 
tho  data,  so  that  no  definite  conclusion  can  be  drawn  about 
their  existence.  Another  example  is  shown  in  Figure  2 
where  the  isothermal  compressibility  of  Kell  and 
Whallcy(9)  and  that  of  Greenspan  and  Tschiegg(lO)  have 
been  plotted.  No  smooth  curve  can  be  drawn  through  the 
centers  of  the  points  of  Kell  and  Whailoy  botwoon  40°  and 
70°  C.  ‘litis  would  suggest  a  kink  in  the  quantity.  However, 
the  smooth  curve  is  displaced  by  only  the  width  of  the 
error  in  the  point;  thus,  this  suggestion  cannot  be  taken 
seriously. 
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Ftstur*  1.  ACp/ATei'—’  obtained  by  takinjthe  diffcrcncei  between 

♦pacific -heat  vetoes  on*  d*#rM  apart.  The  specific  beat  is  taken  from 
the  CRC  Handbook, 18) 


Several  investigators(9,il)  have  looked  for  ttiese  dis¬ 
continuities  or  kinks,  and  report  no  discontinuities  outside 
the  scatter  of  their  data.  Those  investigations  have,  how¬ 
ever,  taken  relatively  few  points  in  any  given  temperature 
range,  and  a  kink  or  discontinuity,  if  its  effect  extended 
over  less  than  one  degree,  could  have  been  overlooked. 
Because  it  is  possible  to  measure  tire  velocity  of  sound  with 
great  precision,  we  decided  to  search  for  kinks  in  the 
velocity  of  sound  in  water. 

The  velocity  of  sound,  u,  is  related  to  the  adiabatic 
compressibility  «s  by 

t  ,31\ 


K,,  is  in  turn  related  to  k-j.  by 

K'C  “  7a’s 

where  y  is  the  ratio  of  the  specific  heat  at  constant  pressure 
to  that  at  constant  volume.  A  kink  in  k-j.  or  y  would 
indicate  a  third-order  phase  transition. 

Mi  •  . . 


Fl#ut*  2.  tsotlteimsl  tomprmslbaiw  In  unit*  of  par  bar.  ss  Qlven 
In  rolweowtsO  and  10. 
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velocity  measurements. 
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Although  (lie  velocity  of  soumi  in  water  ho*  been 
measured  by  others,  the  number  of  points  in  any  tempera¬ 
ture  range  was  small.  Wu  have  taken  2300  points  in  the 
tomporatut*  range  between  .3°  tijnJ  80°  C.(  12)  The  measure¬ 
ments  wore  carried  out  by  immersing  a  quartz  transducer 
tuned  to  10  MHz  (which  also  served  as  a  receiver),  and  a 
reflector  parallel  to  the  transducer,  In  distilled  water 
contained  in  u  vacuum  flask.  The  water  was  stirred 
continuously  to  maintain  temperature  uniformity.  The 
temperature  was  measured  by  means  of  a  platinum  resistor. 

The  velocity  of  sound  was  measured  by  a  pulsed  phase 
comparison  technique, (13)  A  block  diagram  of  riio  elec¬ 
tronics  is  shown  In  Figure  3.  let  this  method,  the-  phase  of 
the  sine  wave  of  a  received  coho  Is  brought  into  coincidence 
with  thin  of  a  continuously  running  master  oscillator  by 
delaying  the  oscillator  wave  by  menus  of  an  adjustable 
delay  line.  In  our  apparatus,  the  first  echo  was  received  at 
about  100  microseconds  after  the  transmitted  pulse,  while 
the  time  resolution  of  the  apparatus  was  0.2  nanosecond. 


and  the  deviations  of  tiro  points  were  plotted.  This  is  shown 
in  Figure  5  for  N  »  2,  4,  6,  and  8.  The  main  contribution  to 
the  deviations  in  the  fit  to  the  N  ■  8  polynomial,  where  the 
velocity  hi  motors  per  second  Is  given  by 


u  -  1  <103.-1  d  r  4.79242T  •  3.2287-1  *  IfF^T1 

-  1.18815  x  KJ'3T9  +  4.97534  x  lCT5'!* 

*  1.0037?  x  KT'T*  t  1,14662  x  10*P 

■  7.02210  x  Iff* 1  Tv  +  1.79249  x  i0*‘  3I* 

is  due  to  temperature  inhomogenellies  in  the  water,  It  can  be 
seen  from  Figure  5  that  no  anomalies  greater  than  35  ppm 
exist.  This  is  within  the  scatter  of  our  data.  One  could  not, 
however,  exclude  the  possibility  of  kinks  at  20°,  25°,  32°, 
38°.  and  *17°  0.  In  our  opinion,  die  deviations  from  the  fit 
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Figure  4  shows  tlie  velocity  of  sound  in  water  as  a 
function  of  temperature.  No  scarcer  can  be  observed  on  this 
scale.  One  should  notice  that  tiie  maximum  occurs  at 
7-1®  C,  corresponding  to  a  minimum  in  xs.  in  order  to 
detect  the  presence  of  any  discontinuities  ot  kinks,  the  data 
was  titled  to  polynomials  in  temperature  of  the  form 
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arc  spurious  and  caused  by  our  experimental  uncertainities. 

The  question  of  (lie  existence  of  discontinuities  or 
kinks  m  water  will  have  to  be  resolved  by  more  precise 
measurements.  However,  even  then,  people  could  infer 
either  the  existence  or  nonexistence  of  anomalies  because 
no  experiment  can  be  performed  with  infinite  precision, 
and  one  needs  that  to  prove  the  absence  of  a  phenomenon. 
Tims,  the  question  of  the  structure  and  proper  ties  of  water, 
tlie  most  abundant  and  most  atypical  liquid  on  earth.  wQl 
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be  with  us  for  some  time  to  come, 
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work,  which  was  received  quite  skepti¬ 
cally  at  the  time  by  some  neurophysi¬ 
ologists. 

Another  application  of  this  tech¬ 
nique  has  been  to  study  the  interrela¬ 
tion  between  neurons  (nerve  cells)  and 
glia,  which  are  the  cells  that  surround 
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the  liuuiuiis  every  where.  In  the  bum, 
for  example,  the  glia  me  10  times  as 
numerous  as  nerve  cells  and  constitute 
more  than  50T  of  tire  total  mass. 
Hyddn  assumed  that  such  a  pervasive 
association  surely  implied  something 
more  than  just  mechanical  support, 
and  that  the  function  of  the  neuron 
probably  depended  in  important  ways 
on  biochemical  processes  in  the  glia. 

Over  the  last  10  years  Professor 
Myden  and  his  colleagues  have  pub¬ 
lished  62  papers  dealing  with  these 
two  research  themes. 

The  biochemical  correlates  of 
learning  were  sought  in  the  hippo¬ 
campus  of  the  brain  (a  region  known 
to  be  active  m  learning)  in  rats  trained 
to  change  from  right-handedness  to 
left-handedness.  It  was  shown  that  the 


synthesis  of  two  acidic  protein  frac¬ 
tions  increased  during  training,  and 
that  this  was  related  to  the  learning 
puicess.  All  analysis  for  ribonucleic 
acid  (RNA)  in  the  neurons  in  a  control 
center  for  the  transfer  of  handedness, 
located  in  the  brain  cortex,  showed 
that  the  increased  synthesis  was  asso¬ 
ciated  with  the  reversal  of  handedness. 
Similar  changes  wore  also  found  in 
brain  centers  linked  to  the  vestibular 
apparatus,  which  provides  sensor) 
input  tor  balancing  and  spaeial  orienta¬ 
tion,  in  animals  subjected  to  new 
experiences  stimulating  these  systems. 

The  neuron-glia  interactions  have 
been  shown  by  an  analysis  of  adjacent 
nerve  and  glin  colls  that  have  been 
[eased  apart,  Analyses  of  enzyme  ac¬ 
tivity,  RNA,  and  protein  content  re¬ 
veal  that  (he  neuron  is  dominant  from 
an  energy-requirement  point  of  view. 
Rhythmic  changes  could  be  shown  in 
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neurons  am)  glm  in  the  reticular  forma¬ 
tion  of  the  brain  during  transition 
front  sleep  to  wakefulness.  (Tuiiigcs  in 
the  bsse  rut ios  oF  RNA  in  the  glia  in 
the  globus  pallidus  preceded  similar 
ebnnges  In  their  associated  noutotis  in 
Purklnsnn's  disease  (a  form  of  palsy  in 
man  associated  with  changes  in  spe¬ 
cific  brain  nuclei  such  us  the  globus 
pallidur). 

In  general,  the  neuron  and  its 
associated  glia  were  found  io  form  a 
physiological  unit  whore  the  glia  show 
a  more  rapid  turnover  of  RNA  and 
protein  and  are  apt  to  lake  to  anaero¬ 
bic  glycolysis  under  Changed  condi¬ 
tions,  on  the  other  hand,  the  neuron 
under  the  same  conditions  would  in¬ 


crease  the  utilization  of  eneigy  by  way 
of  tlte  respiratory  biochemical  drain. 

Professor  Hyden’s  studies  have 
stimulated  a  widespread  interest  ill  the 
biochemistry  of  learning  and  memory, 
A  number  of  his  findings  have  now 
been  confirmed  in  several  laboratories. 
All  of  t his  is  but  a  first  step  on  what 
will  ultimately  lend  to  powerful  in¬ 
sights  into  the  brain  mechanisms  that 
underlie  learning  and  memory.  One 
line  of  investigation  will  undoubtedly 
proceed  toward  possible  changes  in 
these  mechanisms  by  drugs.  Another 
line  is  already  pointing  toward  a  study 
of  the  effects  of  nutrition  and  toxic 
substances  on  the  brain  during  critical 
periods  of  its  development  before  and 


after  birth.  Professor  Hyddn's  conlii- 
buttons  and  his  siimoiiition  of  bin- 
chemical  analysis  al  the  cellule  level 
will  be  a  significant  landmark  in  this 
adventure. 
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The  Institut  de  Saint  Louis  (I.S.1,)  in  the  town  of  St. 
Louis,  France  on  the  French-German  bolder  (see  Figure  i) 
was  formally  established  effective  22  Juno  1959  In  accord¬ 
ance  with  an  agreement  signed  by  the  West  German  and 
French  Governments  on  31  March  1 938.  Its  mission,  as 
stated  in  the  agreement.  was  to  seek  "close  cooperation  of 
scientific  and  technical  research  and  development  in  arma¬ 
ment  to  strengthen  the  defense  of  iholr  countries."  By 

*  Ao/ri-r  Officers  from  Hit  liuropeim  Office  of  Aerospace 
Research  periodically  lull  surlnut  leseorch  tiltllhiHoils  m  I'll  rope, 
the  Mitldlt  East.  Indio,  and  Africa,  mast  visits  on  made  io  hlemify 
current  fore  Iglfre  search  programs  of  possible  I  is*  io  Air  Force 
scientists.  Such  Information  often  leads  to  Hit  establishment  of 
working  relationships  between  foreign  and  MX  Aft-  Force  scientists 
This  article  briefly  describes  one  important  msitmlion  visited 
recently. 


agreement,  the  Institut  is  referred  to  in  German  as  the 
“Deutsch-Franzdsiches  Forsclumgsinstitut,”  and  in  French 
as  the  “Institut  Frauco-Alletmuui  de  Reel ic relies,”  but  quite 
often  simply  as  the  “institut  de  Saint  Louis.”  Essentially, 
I.S.L.  is  active  in  cooperative  research  in  such  areas  as 
hypersonic  flow,  shock  waves,  and  ballistics. 

West  Germany  and  France  contribute  equally  to  the 
investment  and  maintenance  costs  of  I.S.L.,  which  has  a 
staff  of  465  people,  92  of  whom  have  scientific  or 
engineering  degrees.  The  Institute  is  managed  jointly  by 
lr.g.  en  Chef  d*  Armament  A.  Aunol  as  the  French  Co- 
Dircctor,  and  Dr.  R.  Schali  as  the  German  Co-Director. 
Major  facilities  include  a  hypersonic  shock  tube,  a  hyper¬ 
sonic  tunnel,  a  high-velocity  light  ges  gun  (projectile 
velocities  up  to  10,000  meters/sec),  conventional  powder 
guns  with  projectile  velocities  up  to  3,000  meters/sec, 
special  measurement  and  instrumentation  devices,  and  an 
IBM  36Q/<40  TOffiputer. 

Altho1  : '.  I.S.L,  is  primarily  oriented  towards  defense 
research  for  France  and  West  Germany,  it  welcomes 
research  association  with  the  United  States  and  other 
countries  having  mutual  defense  problems. 

f.S.L.  has  developed  an  extensive  capability  in  the 
investigation  of  fast  processes  by  photographic  techniques 
embodying  electric  spark.  X-ray  flash,  and  pulsed-type  laser 
illumination.  Twenty-four  spark  shots  can  be  made  at 
nanosecond  intervals,  with  the  result  that  high-velocity- 
projectile  travel  of  only  a  few  millimeters  takes  place 
between  shots.  A  recent  improvement  in  this  system 
permits  the  acquisition  of  as  many  as  5,000  pictures.  This 
process  has  been  used  to  examine  the  puncture  of  armor 
plate  (see  Figure  2);  a  burning  methyl-alcohol  droplet  In  the 
presence  of  a  shock  (the  shock  wave  and  wake  tear  the 
flame  from  the  droplet,  which  itself  is  deformed);  and  ,i 
bullet  moving  at  high  velocity  into  an  exploding  gas 
mixture,  with  periodic  detonation  of  the  gas  ahead  of  the 
bullet. 


Figuro  3,  X-ray-flash  photography  of  a  copper  rod  (3  mm  0,  GO  mm 
long!  ponotratlng  an  aluminum  target;  impact  speed:  1000  m/s. 

A  sample  of  X-ray  flash  photography  may  be  seen  in 
Figure  3  which  shows  a  copper  rod  penetrating  an 
aluminum  target  at  a  speed  of  1,000  meters/second.  Also, 
Figure  4  shows  the  jet  formation  of  a  shaped  charge  in  a 
sequence  of  flash  radiographs.  Shadowgraphs  of  a  l)-mm 
sphere  fired  into  an  oxygen-air  mixture  at  1,000  m/s,  and 
of  a  mode!  fired  in  atmospheric  air  at  M  =  1.8,  are  shown  in 
Figures  5  and  6,  respectively. 


hi 


Figure  4.  Jet  formation  of  a  shaped  charge  (sequence  of  flash 
radiographs). 


Figuro  2.  Penetration  of  an  armour  pinto  (0.5  mm,  R»'jU  kp/rom2); 
caliber  20  mm,  impact  velocity  420  m/s;  taken  with  a  24-spnrk 
camera. 


Figuro  5.  Shadowgraph  of  9- mm  sphere  fired  into  an  oxyacn-air 
mixture  at  1900  m/s. 
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Fi9uro  0.  Shadowgraph  of  a  modal  firsd  in  atmospharic  air  at 

M  »  1.8. 


To  analyze  trajectories,  90-mnt  caliber  models  are 
lired,  with  their  behavior  determined  by  photographic 
records  made  at  16  positions,  and  witli  two  orthogonal 
views  at  each  position,  Velocity  profiles  are  established 
through  the  use  of  microwave  and  Dopplcr-cffect  tech¬ 
niques  utilizing  special  initial-velocity  and  radar  instrumen¬ 
tation  developed  at  i.S.L. 

The  expansion  and  effect  of  strong  and  weak  shock 
waves,  witli  particular  emphasis  on  the  sonic  boom,  are 
under  continual  study  at  I.S.L.  One  recent  study  was 
cei  to  rod  on  the  quantitative  analysts  of  sonic-boom  focus¬ 
ing  phenomena.  As  t  preliminary  approach  to  the  problem, 
tae  retraction  of  low-intensity  stationary  sitock  waves  in  a 
nonhornogeneous  atmosphere  was  studied.  This  mvesti»a- 
tion  was  restricted  to  the  simple  cases  of  the  two- 
dimensional  propagation  of  an  N-shaped  wave  in  an 
axisymmelrical  atmosphere,  and  of  a  step  wave  in  a 
stratified  atmosphere,  Calculation  methods  were  based  on 
sitock  properties.  The  refraction  of  a  step  wave  was 
described  by  a  differential  equation  for  which  approximate 


solutions  can  be  found,  The  numerical  results  obtained 
correlate  well  with  flight-test  data. 

In  addition  to  work  in  ballistics,  where  the  behavior  of 
projectiles  from  launch  to  impact  is  being  investigated, 
and  research  in  aerodynamics  concerned  with  hypersonic 
phenomena  (between  Mach  S  and  Mach  15),  such  as 
encountered  by  reentry  vehicles,  I.S.L  is  conducting 
investigations  in:  the  composition  of  the  upper  atmosphere, 
using  mass-spectroscopv  methods;  flame  propagation  and 
supersonic  combustion;  the  detonation  of  gases  and  explo¬ 
sives;  the  expansion  and  effect  of  weak  and  strong  sitock 
waves;  the  bcitavior  of  materials  subjected  to  the  stresses  of 
an  explosion;  holography;  and  the  chemistry  and  mechanics 
of  explosive  materials. 
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The  low  velocity  of  sound  as 
compared  with  that  of  clcctronugnctic 
radiation  ltas  motivated  researett  into 
sonic  delay  lines  as  compact  solid-state 
devices  useful  in  radar  signal  process¬ 
ing,  calibration,  and  oilier  functions.  It 
is  possible  to  operate  such  devices  at 
microwave  frequencies.  The  interac¬ 
tion  of  sound  at  such  frequencies  ( 100 
MHz  to  tens  of  GHz)  with  materials  is 
also  of  considerable  scientific  interest, 
permitting  the  study  of  energy  levels 
and  elastic  constants.  These  sound 
waves  aic  generated  piczoclcctrically 
from  electromagnetic  waves  of  the 
same  frequency,  using  either  a 
vacuum-deposited  thin  film  of  piezo¬ 
electric  material,  such  as  cadmium 
sulfide,  or  by  using  an  appropriately 
oriented  piezoelectric  material  ns  the 
sample. 

In  the  past,  detection  has  gen¬ 
erally  been  by  the  inverse  of  the  same 
process,  producing  elect romagne tic 
signals,  which  can  then  be  processed 
by  standard  radar  techniques.  There 
arc  disadvantages  to  this  approach,  it 
is  phase-sensitive,  so  that  a  wave  ar¬ 


riving  at  a  slight  angle  to  the  detecting 
surface  (due  to  the  nonparallclism  of 
the  detecting  and  generating  surfaces) 
will  partially  cancel  itself  out,  leading 
to  a  weakened  signal  and  therefore  an 
erroneous  estimation  of  its  strength. 
Parallelism  is  particularly  difficult  to 
obtain  in  the  GHz  range,  since  the 
sonic  wavelengths  arc  comparable  to 
those  of  light.  A  further  disadvantage 
is  that,  for  volume  or  bulk  waves, 
piezoelectric  detection  can  only  occur 
at  the  sample  end,  committing  the 
builder  of  a  delay  line  to  a  single  delay 
determined  by  the  length  of  the  sam¬ 
ple. 

A  new  method,  double-quantum 
detection,  overcomes  these  disad¬ 
vantages.  In  the  presence  of  a  magnetic 
field,  various  paramagnetic  ions  which 
can  be  added  to  a  crystal  by  doping 
undergo  energy-level  splitting.  The 
quantum  theory  of  such  a  system 
reveals  that  the  crystal  can  absorb 
sound  energy  plus  electromagnetic 
energy  as  a  part  of  the  same  process, 
provided  that  their  sum  is  equal  to  the 
lino  splitting.  (See  Figure  1)  Thus  a 
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Figure  1.  Energy  level  diagram  of  double- 
quantum  detection,  The  doping  ling?  and 
tho  central  lino  ropros^nt  the  splitting  of  the 
energy  levels  g*  a  paramagnetic  ion,  hero 


ferrous  iron,  as  a  function  of  magnetic  f  ield. 
Detection  of  phonons  of  3.1  and  9.3  GHz, 
both  using  8.7  GHz  continuous-wave 
photons,  is  shown. 


quantum  of  sound  (phonon)  plus  a 
quantum  of  electromagnetic  energy 
(photon)  which  together  have  an 
energy  equal  to  the  energy  gap  are 
absorbed  in  a  single  event.  Hence  the 
descriptive  term,  double-quantum 
(DQ)  detection.  In  practice,  at  a  given 
magnetic  field,  tire  absorption  of  a 


continuous-wave  (CW)  electromagnetic 
wave  by  the  sample  is  monitored. 
When  a  phonon  arrives,  it  provides  the 
additional  energy  required  for  the  DQ 
process,  and  an  increased  absorption 
of  the  CW  signal  occurs.  Thus,  the 
presence  of  the  sound  signal  affects 
the  intensity  of  an  electromagnetic 
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wave,  without  the  need  for  piezoelec¬ 
tric  conversion. 

In  these  experiments,  microwave 
pulses  front  a  magnetron  were  fed  to  a 
resonant  cavity  containing  a  cadmium- 
sulfide  piezoelectric  film  transducer  on 
the  end  of  a  magnesium-oxide  rod,  as 
shown  in  Figure  1.  The  CdS  film 
generated  phonons  which  traveled 
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Figure  2.  Electronics  {top)  and  oxp«rimonta! 
apparatus  {tatow  the  <Ja$hod  line)  used  for 
piezoelectric  and  double-quantum  experi¬ 
ments.  Microwave  putecs  in  the  3  to  0  GHz 
range  excite  the  reentrant  cavity*  The  CdS 
film  transducer  in  tho  high-field  region  of 


this  cavity  generates  phonons.  Each  time  n 
phonon  pulse  pastes  through  tlw  sapphire- 
filled  doubto-quantum  detector  cavity,  it 
causes  a  change  in  tho  reflectivity  of  that 
cavity,  thereby  modulating  tho  signal 
coupled  out  through  tho  waveguide. 
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Figure  3.  Double-quantum  versus  piezoelec¬ 
tric  detection  of  successive  echoes  in  the 
santo  sample.  True  energy  detection  by  the 
doubfo-quentum  detector  leads  to  en  ex¬ 
ponential  decay  in  spite  of  the  nonperel- 
ivMM’ri  of  tho  lairtpw-eiw  faces,  and  aiiows 
more  accurate  moacuremont  of  aUonu«tk>n, 


along  the  rod  and  were  reflected  back 
and  forth  from  the  ends.  Thus  a  single 
pulse  propagated  many  times  the 
length  of  the  rod.  The  detector  con¬ 
sisted  of  a  sapi  lire-loaded  cavity  reso¬ 
nant  at  8.7  GHz.  The  reflection  of 
photons  at  this  frequency  was  moni¬ 
tored.  and  in  the  appropriate  magnetic 
field  produced  a  signal  for  each 
phonon  pulse.  The  paramagnetic  ion 
was  provided  by  doping  with  ferrous 
ions.  Note  that  the  detector  is  not 
necessarily  at  the  end  of  the  sample 
rod,  and  can  even  be  moved  me¬ 
chanically  to  provide  a  variable  delay. 

The  insensitivity  of  the  DQ  de¬ 
tector  phase  eliminated  the  poor  decay 
pattern  frequently  seen  in  attenuation 
experiments  (Figure  3).  and  thereby 


allowed  more  precise  attenuation 
measurements.  Accuracy  in  such  data 
will  further  research  in  the  physical 
mechanism  of  attenuation,  and  there¬ 
fore  in  producing  delay  lines  with 
lower  losses. 

For  the  same  reason,  measure¬ 
ments  were  also  made  of  the  attenua¬ 
tion  in  different  samples  of  magnesium 
oxide  and  correlated  with  the  quality 
of  their  crystal  structure  as  measured 
with  a  laser  ultramicroscope.  The  dif¬ 
ference  in  attenuation  was  found  to  be 
explainable  by  defects  in  the  crystals. 


Dr,  Paul  ((,  Carr  is  a  sstpervisory  re¬ 
search  physicist  (solid  state),  and  Chief  of 
the  Microwave  Acoustics  Branch,  Microwave 
Physics  Laboratory.  Al'CRL.  lie  received 
both  his  B.S.  in  Ntvsics  (1957)  and  his  M.S. 
in  Physics / 1 96!)  from  M.l.  T„  and  his  PhD. 
in  Physics  (1966)  from  Brandeis  University. 

Dr.  Can  saw  active  duty  with  the  Army 
as  a  1st  Lt.,  and  was  assigned  to  the  Armed 
Missile  Command  Calibration  Center  as  a 
research  physicist.  There  he  worked  on  new 
techniques  for  the  calibration  of  accel¬ 
erometers.  infrared  and  optical  detectors, 
and  vacuum  gauges  Presently  he  is  making 
me  of  microwave  phonons  for  extending  the 
fundamental  knowledge  of  solid-state 
phenomena,  and  for  use  in  microwave  delay 
line  duplications. 

Dr.  Can  is  a  member  of  the  American 


Physical  Society,  and  an  associate  member 
of  Sigma  Xi.  lie  has  published  widely  in  the 
field  of  microwave  acoustics. 
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tional  year  of  graduate  work  at  Duke 
University  studying  the  structure  o)  ma¬ 
terials  with  microwave  spectroscopy. 

Currently.  Mr,  Budreau  is  can  vuig  out 
research  in  microwave  sound  detection,  tie 
has  several  publications  lo  his  credit. 
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Mr.  Alan  J.  Budreau  (left)  adjusts  the 
apparatus  ut«d  for  experiments  involving 
sonic  delay  lines  while  Or.  Paul  H.  Carr 
watches  attentively. 
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Requests  for  further  information  ifiould  be  directed  to  the  Individual  or  laboratory  of  origin 
(except  tor  those  from  Latin  America), 


Addresses  are  as  follows: 


AIR  FORCE  CAMBRIDGE  RESEARCH  LABORATORIES 
Attn:  CRI 

Laurence  G,  Hanscom  Field,  Bedford,  Massachusetts  01730 

AEROSPACE  RESEARCH  LABORATORIES 
Attn:  AFU 

Wright-Patterson  Air  Force  Base,  Ohio  45433 

AIR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH 
Attn:  SRGC 

1400  Wilson  Blvd,  Arlington,  Va.  22200 

THE  FRANK  J.  SEILER  RESEARCH  LABORATORY 
USAF  Academy,  Colorado  80840 

DET.  8(ORA)OAR 
Attn:  RRR 

Holloman  Air  Force  Base,  New  Mexico  88330 


Requests  for  further  information  from  institutions  and  individuals  in  Latin  America  should  be 
addressed  to: 

DET.  7(LAOAR)OAR 
U.S.  Embassy-Rio 
APO  New  York  09676 
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Detailed  documentary  reports  may  be  obtained  from: 
CLEARINGHOUSE 

U.f.  Department  of  Commerce,  Springfield,  Virginia  22151 

DEFENSE  DOCUMENTATION  CENTER* 

Cameron  Station,  Alexandria,  Virginia  22314 


"Qualified  requesters 
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